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INTRODUCTION 


When Kine (1918) published her interesting and important results 
obtained after selection for a modified sex ratio in rats, an allied line of 
investigation suggested itself. This involved the question whether a 
simple Mendelian ratio could similarly be modified by selection. 

In the rats, where a ratio of 105 males to 100 females represented the 
normal departure from a 100:100 or equality ratio between the sexes, 
two divergent lines were developed during the process of isolation under 
selection. The first of these (line A), Kino describes as the “high-male”’ 
line. In it a sex ratio of 121.3 males to 100 females represented the 
average of 25 generations totaling 7204 rats. This line departs from the 
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normal sex ratio of 105 by a significant amount. The other (line B) selected 
for a high female ratio also diverged from the control stock and gave a 
ratio of 85.1 males to 100 females in the massed results of 25 generations 
including 6825 rats. 

The average litter size of the rats was approximately equal in the two 
lines, and both lines in this respect were closely similar to the normal 
unselected controls. We may therefore conclude that K1inc has demon- 
strated that lines showing clear divergence from the normal approximate 
equality of the sexes can be isolated by the process of selection. 

Since approximate equality of the sexes is, at present, looked upon as 
representing what is essentially a 1:1 Mendelian ratio the case was par- 
ticularly interesting. A moment’s thought, however, will show that 
actually we are here, in all probability, considering a result based on a 
difference in chromosome number itself rather than a difference of only a 
single gene. 

ALLEN (1918) has shown that the rat forms two sorts of sperm, con- 
taining, respectively, 18 and 19 chromosomes. The male rat is therefore 
digametic and affords in this way, a mechanism on which selection, on 
the basis of total chromatin content, may act. There is a mass chromosome 
difference involved in the case of the sex ratio in rats and it is therefore 
selection between an autosomal complex plus X and an autosomal com- 
plex with no X that apparently lies at the bottom of the particular problem 
which KING investigated. 

This does not in any way modify or weaken the value of K1Nc’s work 
but it does clearly raise an interesting question as to whether similar 
progress could be made under selection in an effort to modify a Mendelian 
ratio which, in so far as we can. tell, depends on a single pair of allelo- 
morphs. Here no gross difference in chromosome number would be 
involved, the difference between the forms selected being apparently due 
toa single factor. The principle of the efficiency of selection would in this 
case be interesting to establish or disprove, for if genetic causes may mod- 
ify the proportion of A or a gametes formed by the zygote or of Aa and 
aa zygotes produced, then, by isolation following selection, lines may 
be established giving an excess of one or the other type as desired, and a 
field of great interest will be opened for the investigation of genetic 
causes that influence gametogenesis in animals or the differential survival 
of gametes before fertilization. 
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EXPERIMENTAL 


With these facts in mind we naturally turned to Drosophila melanogaster 
as favorable material. We did this with some hesitation, however, for it 
was not our object at this time to perform a detailed genetic analysis of 
the nature of such difference, did it exist, but merely to establish. or dis- 
prove its existence and to recognize a few of the more general factors 
involved in its origin. 

To avoid as far as possible the complications arising from “crossing 
over’ we chose a fourth-chromosome character, and because of the fact 
that only one of the two mutants of that chromosome described at the 
start of the work, failed to overlap the normal type, this mutant was 
chosen. The character shown by the mutant was “‘eyeless.” 

“Eyeless” flies range through a series of types from those showing 
minute degrees of reduction of one or both eyes to those completely eyeless 
on one or both sides. The term “eyeless” is inaccurate for a large propor- 
tion of cases, but inasmuch as it was originated and is in common usage by 
the geneticists investigating Drosophila we may profitably continue it 
rather than attempt to substitute a more accurate term. 

Normal eye (£) is dominant to eyeless (e). When, therefore, heterozy- 
gous normals, Ee, are crossed with eyeless, ee, a 1:1 ratio of heterozygous 
normals to “eyeless” is expected. 


Stock ratio 


Actually, because of greater viability of the normal-eyed flies, there is 
without any selection a considerable distortion of the equality ratio. 
Thus, in a total of 2509 flies, produced without selection at the start of 
the experiment by crossing heterozygous normal-eyed with eyeless, a 
ratio of 144.0+2.1 normal to 100 eyeless was obtained. 

In making the above count which involved a single non-selected genera- 
tion, only those bottles which hatched a total of 100 or more flies were 
included. This under the circumstances is a desirable precaution, for it 
eliminates to a large degree those bottles in which distortion of ratios due 
to markedly poor cultural conditions of a temporary nature might 
serve to obscure evidence concerning the facts which we wish to observe. 

The ratio might have been written 1.44 to 1, but it has been found advisable to change 


it to terms of proportion of normals to 100 eyeless. This method will therefore be employed 
throughout the paper. 
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The control-“‘stock”’ ratio shows then a considerable and very real excess 
of normal-eyed flies. This fact therefore will always have to be taken 
into consideration. See figure 1. 

The general outline of the experiment is shown in figure 1. It was de- 
sired to keep the derivation of the normal flies (heterozygotes) always 
distinct. The process of selection was therefore planned with a view to 
isolating eight lines, four “high” and four “low.” The high lines (AFH, 
AMH, BFH and BMH) were selected on the basis of a marked excess of 
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Ficure 2.— Discussed on page 5. 


normals. The “low” lines (AFL, AML, BFL and BML) were selected 
for an excess of “eyeless” (or in other words, in exactly the opposite 
direction). Figure 1, already referred to, gives a brief statement of the 
procedure followed. Although great care was taken, lines BFL and BML 
died out after inbreeding for 3 and 5 generations, respectively. In each 
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case there was a marked rise in the proportion of normals shortly before 
the line became extinct. This matter will be referred to later in more 
detail. 


The question of selective mortality 


One matter obviously to be considered is that of selective mortality 
of zygotes, which, if encountered, might upset and modify our conclusions 
regarding the nature of changes which might have occurred in the ratio. 
This factor of differential mortality is troublesome, and can be finally 
settled only by the exact count of eggs, larvae and adults. Since, however, 
this method is mechanically impracticable for all the bottles in the selec- 
tion series, an arbitrary method for eliminating those bottles in which 
high mortality had obviously occurred was chosen. Figure 2 shows a 
frequency distribution of the various matings on the basis of the actual 
number of flies hatched during the period of observation. The range is 
considerable and it therefore seemed best as a trial method to group to- 
gether all bottles of under 100 flies and to contrast the results obtained 
from bottles hatching 100 or over with those obtained from bottles of 
under 100. This has been done in calculating the data and in constructing 
and comparing certain of the charts. To anticipate, it may be stated 
that after this procedure had been followed it was found that for the most 
part the results in both cases (bottles of 100 or over, and bottles of under 
100) were so nearly alike as to make the elimination of any particular 
group of matings for the purpose of analysis unnecessary. This matter 
will be again referred to in the general discussion. 


The low selection lines 
AML 


The derivation of line AML can be readily traced in figure 1. The 
ratios in the various succeeding generations are shown in table 1 under 
the column headed AML. Figure 3 shows the data for line AML in the 
form of a chart. The heavy broken line shows the “‘stock’’ ratios as cal- 
culated at the start of selection and the light broken line, a point above 
and below this ratio due to a departure equal to three times its probable 
error. The heavy solid line represents the observed ratios in succeeding 
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generations I-XI. The light solid lines are the departure from the 
observed stock ratio caused by an amount equal to three times the prob- 
able error of the ratio at each succeeding point. 

It will be noted that eight out of the eleven points diverge markedly 
from the “stock” ratio in the direction of the selection. At no point is a 
high enough ratio of normals obtained to mean a significant increase 
over the “stock” ratio. As a whole, the line may be said to indicate a 
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Ficure 3.—For discussion see page 5. 


tendency to form an excess of eyeless flies over the proportion that nor- 
mally occurs. The line died off after the eleventh generation and the 
sudden excess of normals just before its death may possibly be due to 
exceptionally poor cultural conditions which favored the survival of 
normal flies at the expense of the weaker, eyeless type. 


BML 


This line died after five generations of somewhat nondescript progress. 
See figure 4. The second and fourth generations show a sufficient increase 
in the number of eyeless to pull the curve significantly below the control 
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ratio, even in spite of a large probable error in both cases. No point 
significantly above the stock ratio was obtained. The duration of the 
experiment is however too short to enable us to place any considerable 
weight on it. 
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AFL 


Figure 5 shows the progress of this selection line. Even a cursory 
examination of the curve makes plain the fact that there is a distinct 
departure from the control ratio in the direction of the selection. During 
the eleventh, twelfth and thirteenth generations the line was in danger of 
extinction and the selection could not be made as rigid as it had been in 
the previous generations. The number of flies also diminished in these 
generations. With improved conditions and increased numbers in the 
fourteenth generation, however, the ratio dropped to a level that may be 
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considered as being more characteristic of this line. There is no question 
whatever but that the AFL line represents one in which there has been real 
progress towards isolating a strain in which an increased proportion of eyeless 
flies is produced. 


BFL 


This selection line is shown in the upper portion of figure 6. It lived for 
only three generations. The marked rise at the end is a characteristic 
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Ficure 5.—For discussion see page 8. 


frequently seen in periods of a critical nature in the progress of the race. 
It probably represents in some generations, at least, a differential survival 
of the two types of flies in favor of the normal-eyed individuals (see line 
AML). This particular line (BFL) cannot be considered capable of 
providing evidence of the effects of selection on the character in question. 
The fact that the curve for line BFL is on a different scale from those 
shown in the previous figures should also be noted. The BFH curve is a 
reproduction of figure 11 (to be considered later), and is merely added to 
figure 6 to show the relation between the two size scales used on the 
curves. 
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Figure 7 shows bottles hatching over 100 flies in the low selection lines, 
distributed according to the ratios of normal to 100 eyeless which they 
showed. The four low lines, BML, BFL, AFL’ and AML are first shown 
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separately. The figures given are all for generations and the ratios cal- 
culated are those for each line. When the various generations of that line 
are totaled, the ratios, with the exception of line BFL, depart signifi- 
cantly from the stock or control ratio, in the direction of selection. 
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All four low lines are lumped together and are shown in the bottom 
graph (figure 6). The combined ratio is 121.64+0.64. It would, of 
course, have been much lower if the exceptional and undoubtedly abnor- 
mal line BFL were subtracted. It is sufficient, however, at present, to 
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Ficure 7.—For discussion see page 10. 


note that even with this line included, the stock ratio is not obtained or 
even approximated. 
High selection lines 
AMH 


This line was carried for eleven generations (figure 8). During that 
time there was no progress in the direction of selection. In fact, if any- 
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thing, there were some indications of a lower normal ratio in the later 
generations VII—XTinclusive. It is doubtful as to just what significance, 
if any, should be attached to this result. It seems better to classify the 
line as negative, in so far as an effect of selection is concerned. 
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Ficure 8.—For discussion see page 11. 


BMH 


The chart for this generation is shown on a special scale in figure 9 
(solid line). With it for comparison, the AMH curve already shown in 
figure 8 is reproduced (fine-dotted line). The stock or control average is 
shown running horizontally, as a broken line. Because of the minuteness 
of the scale, the probable-error lines are omitted from the curve. It 
is probable that at generations III, V, VIII, IX and X the BMH ratios 
were significantly above the control line. In the twelfth, thirteenth and 
fourteenth generations all doubt as to progress in the direction of selection was 
removed. The ratio took an immense leap upwards, reaching 1572.22 
in the twelfth generation, 502.63 in the thirteenth and 236.4 in the four- 
teenth. There is no question whatever but that some genetic influence 
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has modified markedly the ratio of the normals to eyeless. There are no 
signs of an increased absolute mortality above what has ordinarily been 
met with throughout the experiment. The change is apparently some- 
what sudden and the possibility of a mutation or abnormality in chromo- 
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some distribution cannot therefore be eliminated. For our present pur- 
pose, however, it is sufficient to state that a genetic modification striking in 
its extent, has influenced the ratio of normal to eyeless produced in a cross 


where theoretically a 144.0 to 100 is expected. 
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Line AFH 


Here as in some of the other lines poor cultural conditions in the 
eleventh generation caused the death of the line. Before that time, 
however, as figure 10 shows, there was clear evidence that selection was 
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making progress in isolating a race which formed an excess of normal flies 
above the expectation. Beginning with the eighth generation the observed 
ratios depart significantly from the control line. 
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Line BFH 


This line, lasting for nine generations before death, gave inconclusive 
and insignificant results. A chart of its progress is shown in figure 11. 
In general character its course and its failure to contribute to the solution 
of the problem place it in the same category as line AMH (see figure 8.) 
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DISCUSSION 


All bottles hatching 100 or more flies in the various “high” lines are 
shown in figure 12. This chart is directly comparable with figure 7, which 
as before stated, represents a similar arrangement for the low lines. 

The ratios for the combined totals within each line are also given, as 
well as the ratio for all the high lines combined. This last-mentioned 
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ratio, 140.65+0.55 differs from the ratio for the total of the low lines 
124.64+0.64 by more than 16 times the probable error of the difference. 


188.04 1.36 
_L, 


Ficure 12.—For discussion see page 15. 


The curves shown in the various figures (2 to 11, inclusive) are based 
on all bottles, whether hatching 100 flies or under 100 flies. Naturally 
there is a question as to whether this is or is not a legitimate method of 
combination and it may be advisable at this time to compare the two 
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groups of bottles and make sure that we are justified in constructing the 
curves as we have. Table 2 shows the ratios for all high and low lines in 
successive generations, the bottles of 100 flies and over, and those having 
under 100 flies being in separate columns. From these data, curves for 
the two categories of bottles can be constructed and compared. 


TABLE 2 
BOTTLES OVER 100 BOTTLES UNDER 100 
GENERATION 
All low lines All high lines All low’lines All high lines 
I 115.474+1.5 129.58+2.16 117.85+3.31 127.24+2.8 
II 134.36+1.61 139.61+4.14 145 .69+4.23 
Ill 107 .34+2.49 180.364+2.43 140.81+2.67 111.62+7.47 
IV 128.98+1.8 134.01+1.35 120.49+4.51 140.86+5.34 
$2.2 130.99+2.64 95.00+3.97 131.92+3.48 
VI 109 .95+3.35 133.14+2.23 93.49+4.22 168 .55+4.23 
Vil 141.75+3.83 121.45+1.79 158.2 +6.27 163.79+6.96 
Vill 106.68 +2.32 146.15+2.11 119.51+7.75 200.00+6.11 
IX 105.59+1.42 146.26+1.99 110.71+5.32 500.00 + 11.03 
x 109 .88+3.22 137.81+1.77 135.55+5.36 211.22+5.6 
XI 160.97+8.23 115.97+3.55 170.58+4.34 150.74+4.52 
XII 128.26+7.43 | 1572.22+5.11 
XIII 138.0 +6.55 502 .63+9.97 
XIV 107 .61+3.35 236.49+9.78 


Figure 13 shows all low-line bottles hatching 100 flies or more (broken 
line) contrasted with all low-line bottles including those of under 100 
(solid line). It will be noted that at one point only,—namely, the third 
generation,—do the curves depart from one another by any considerable 
amount. This difference is, in a large measure, due to the extremely high 
ratios given by line BFL before its extinction. When these exceptional 
ratios are subtracted from the third-generation totals the line approaches 
that of the “‘over-100” bottles much more closely (dot-and-dash line). 
In general it may be stated that the inclusion of all bottles pulls the 
“low’’-line curve in the direction of the “high” line if and when it has 
any effect at all on it. 

Figure 14 shows a similar comparison for the “high lines.” The dotted 
line represents the ratios in successive generations for bottles hatching 
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100 or more flies; the solid line, all bottles, whether over or under 100. 
Here the curves have a course, in general, parallel to one another; al- 
though from the seventh to the eleventh generations the bottles of 100 
or over have a lower ratio. 
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Ficure 13.—For discussion see page 17. 


Both the high and the low lines support the suggestion that when few 
flies are hatched, due to markedly poor cultural conditions, a distinct 
excess of normals is usually formed. The disturbance due to this fact, 
however, does not appear sufficient to invalidate the use of all bottles in 
constructing the curves for each line. 
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Another comparison is given in figure 15, where for all the low lines, 
bottles hatching less than 100 flies are contrasted with those hatching 100 
or more. The heavy solid line shows the bottles under 100, with the 
points above and below in light solid lines representing the departure 
equal to three times its probable error. The broken lines do the same 
for the bottles of 100 flies or over. It will be noted that the two curves 
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Ficure 14.—For discussion see page 17. 


are close enough to be considered essentially similar. Figure 16 gives 
comparative curves for the high lines. Here there is a wide and striking 
difference. The widest departure is found in the ninth generation, but 
the 6th, 7th, 8th, 10th and 11th are also markedly affected. This chart 
shows clearly the causes for the steady course of the “all-bottle” curve in 
figure 1. 

A great deal of this difference is probably due to the steady rise seen in 
the AFH line, but some, especially in the 9th generation, is in all prob- 
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ability due to high ratios in some of the bottles of line BFH just before 
its extinction. The extremely high ratios observed in line BMH, 12th, 
13th and 14th generations (figure 9) prove, however, beyond any question, 
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Figure 15.—For discussion see page 19. 


the existence of a genetic modification. We do not, therefore, have to 
rely on the high points in figure 15 to make good our point. In fact we 
may, for the purpose of demonstrating a genetic difference, contrast the 
massed data in any one of several ways as follows. 

When for bottles of under 100 flies, all low lines and all high lines are 
compared (figure 17) it is clear that a real difference exists between them, 
in spite of large probable errors due to small numbers involved. The over- 
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lapping at the end of the curve represents a rapid rise in the low-selection 
lines due to poor cultural conditions. 

Figure 18, based on the bottles of 100 flies or over, leaves no doubt as 
to the existence of a difference between the high and the low lines. At the 
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Ficure 18.— Discussed on this page. 


3rd, 5th, 6th, 8th, 9th and 10th generations the lines diverge from one 
another widely. At the 2nd, 4th and 7th generations contact of a prob- 
ably non-significant nature occurs and at the 11th generation a more 
serious crossing of the curves is observed. The last point is, however, 
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probably not a true measure of the genetic nature of the respective lines. 
for reasons already given. 

If we wish to contrast the high and the low lines under circumstances 
most unfavorable to demonstrating an effect of selection we should com- 
pare the ratio obtained from all bottles of all low lines, with high-line 
bottles of 100 flies or over. If when this is done a significant difference is 
still found we may be sure that there is a genetic difference between the 
two lines. The actual numbers are, for all low lines: normal 9106, eyeless 
7421, ratio, 122.70+0.58; and for high-line bottles of 100 or over, 12,261 
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FicurE 19.—For discussion see page 26. 


normal to 8717 eyeless, a ratio of 140.65+0.55. The difference is more 
than 20 times its probable error. We may therefore consider that a 
genetic difference has been demonstrated. 

It remains to be seen whether the M and F lines, differing in their deriva- 
tion as shown in figure 1, react in distinctive ways to selection in either 
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the high or the low lines. Figures 19 and 20 bear directly on this point. 
Figure 19 shows all low lines of M derivation (AML and BML) contrasted 
with low lines of F derivation (AFL and BFL): The solid line shows the 
M line and the broken (dot-and-dash) line, the F lines. The data are for 
bottles of 100 flies or over. Broken lines of equal length indicate points 
at which for some generations, no bottles of 100 flies or over were obtained. 
Such regions merely connect the already established adjacent points of 
the curve by a straight line and are used simply to avoid confusing gaps 
in the curve. 

Figure 20 shows most strikingly the effect which the exceptional BMH 
line has. This line serves to raise the M line (solid) well above the F 
line in two points, at the third and fifth generations. The high position of 
the F curve at the 9th generation represents the AFH line on its way to 
final extinction. This figure, like the preceding one, includes only bottles 
hatching 100 flies or over. The fact that figure 19 shows that no differ- 
ence exists between the M and F lines of “low’’-ratio selection suggests 
that the difference that does occur in the “high’’-ratio selection is not 
primarily due to the difference in type of derivation of the M and F lines, 
as such, but rather to the fact that one line BMH showed from very 
nearly the beginning of the experiment a distinct tendency to form a 
marked excess of normals over eyeless. This is further supported by the 
fact that, although the M curve is higher during the first part of the 
experiment, the F curve crosses it at the 9th generation and departs from 
it in a striking manner. 

In considering the type of genetic agent or agents which cause the 
different ratios in the two selection lines, it is worth noting that in one 
line the selection is against normals and in the other line against eyeless. 
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INTRODUCTION 


As a reaction against the extreme views of some mutationists, and 
largely as a result of the fact that many of the more extreme changes in 
Oenothera Lamarckiana have been adequately explained as modifications 
of Mendelian phenomena, some recent writers have turned to the old 
view of PALLAs (1780) and hold that much, if not all, apparent mutation, 
is the result of previous hybridization (Lotsy 1916, HAGEDOORN 1920). 
While it seems probable that many apparently new forms may really 
represent recombinations of unchanged genes, there is ample evidence 
that not all mutations can be so explained. If one does not assume that 
germinal changes have occurred in the course of evolution, he is logically 
driven to a sort of special creation of complex stocks possessing the char- 
acters which are to be later recombined to provide the variability which 
is universally conceded to be a necessary condition of progress. The 
occurrence of mutations in asexually reproducing organisms, and in pure 
lines, as well as the sudden appearance of one or a few dominant individ- 
uals in well known stocks, makes such an extreme view untenable. Many 
critical persons will, however, agree with BAur (1919, p. 286) that 

“Wenn wir kritisch zusehen, dann nur sehr wenig, denn der absolut 
sichere Nachweis, dass in einem gegebenen Fille wirklich eine Mutation 
vorliegt, ist ganz ungemein schwer zu erbringen. Fille, die “‘vielleicht’’ oder 
sogar auch “‘wahrscheinlich”’ Mutationen sein mégen, sind in grosser Zahl 


beschrieben worden, aber véllig sichergestellt und geniigend genau unter- 
sucht sind die wenigsten.” 
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The evidence which is presented below is of a type which seems to pro- 
vide a refutation of the more extreme views of Lotsy and HAGEDOoRN, 
and B, (the mutant having extra lateral bristles), at least, furnishes as 
convincing a case of true mutation as can be obtained in sexually reproduc- 
ing organisms. These data were obtained incidentally during observations 
on a plus strain of Drosophila melanogaster which was being used as a 
control in an experiment whose purpose was to test the germinal stability 
of a known inbred line with poisons, temperature, and other environ- 
mental conditions. 


METHODS 


The food of the flies consisted of banana agar and Fleishmann’s yeast. 
It differed from that described by BripcEs (1921) in that the yeast was 
mixed with water and applied to the surface of the warm food with a 
pipette. Exceptionally large and well-regulated incubators were made 
available by the kindness of Professor E. B. BaBcock and a place in a 
refrigeration room was obtained through the division of Pomology of 
the UNIVERSITY OF CALIFORNIA. The control temperature was uni- 
formly 25° C, the heat room 31.5° C, and the refrigeration room 2.5° C. 

The wild type of D. melanogaster was inbred by brother-sister matings 
for thirty-four successive generations, and the stock was examined in 
order to note the frequency and mode of occurrence of mutations in an 
inbred stock under the usual laboratory conditions. 

Since it was desirable that no mutations should be overlooked, the 
following method of examination was adopted. The sexes were separated 
and the flies arranged in rows. All of one sex were examined first for eye 
color and configuration, and lateral bristles, then they were turned so 
that the dorsal characters, ocelli, head and thoracic bristles, and thoracic 
and abdominal markings could be studied comparatively. A binocular 
magnifying 15 diameters was used for the preliminary study, then out- 
standing individuals were examined with a magnification of 25 diameters. 

I wish to express my thanks to Professor S. J. HotmEs and to Dr. R. E. 
CLAUSEN for many helpful suggestions in the course of this work. 


OBSERVATIONS 


The first of the three mutants to appear in the course of this investiga- 
tion looks exactly like the sex-linked dominant, notch, which was 


| 


TWO NEW DOMINANT MUTATIONS IN D. MELANOGASTER 29 


described in detail by MorcAN (1919). Since this character differs geneti- 
cally from the first notch to be described, it will be called N2 in the follow- 
ing account. When flies with one wing notched were first found, they 
were bred but failed to transmit the character. As a consequence no 
further tests were made on unilaterally notched flies, but when a single 
male, both of whose wings were deeply lobed, appeared in the eighth 
generation he was bred and gave 8.4 percent of notched offspring from 
one sub-culture, showing that N. is a dominant character. The wings 
were extremely variable, ranging from a simple lobed condition in one or 
both wings to an irregular series of notches of greater or less extent at the 
tip of the wing. Flies of the same type were inbred, but always gave the 
same amount of variation in expression of the character. In this stock, 
derived from the single mutant male, the unilateral notches produced 
progeny having the same range of variability as did the bilaterally affected 
individuals. When plus flies were bred with N2, approximately 14.3 
percent of N» flies appeared in F;. This percentage is increased by the 
fact that two sub-cultures were grown instead of one as in the first test. 
It was noticed that N- flies appeared only in the first three days of hatch- 
ing. This proved to be a function of the condition of the culture medium, 
since the same number of N, flies appeared during the same period of the 
second sub-culture. It would seem, therefore, that N»2 is a character 
whose expression is in some way determined during ontogeny by cultural 
conditions, or else that it is extremely inviable. When N, was inbred, 
an average of 21.1 percent of the dominant type was found. Some of the 
plus flies in such progenies bred true, but it was not determined whether 
or not the heterozygosis thus indicated were compulsory. DExTER (1914) 
reported that as a culture gets drier, normal-winged flies increase in 
relation to beaded. Abnormal abdomen has been shown by MoRGAN 
(1912) to remain unexpressed in a dry medium. Besides becoming drier, 
the food grows more alkaline toward hatching time. DExTER (1914) 
also showed that alkaline food (mixed with sodium carbonate) greatly 
reduced the total number of flies but doubled the percentage of beaded. 
The food became slimy at the end, indicating bacterial action. In such 
cultures hatching is usually confined to the first few days, and if beaded, 
like Ne, tends to appear during this period, the percentage would be 
increased by eliminating the last day’s hatchings. Extra veins reported 
by Lutz (1911) resembled N, in that it was a dominant which existed in 
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both somatic and germinal condition in the same stock at the same time 
and in that it never bred true. 

Progeny of this mutant (2) were crossed with star-dichaete individuals 
and from their progeny two star-dichaete-notch males were bred with 
plus females to determine whether N2 were a second- or a third-chromo- 
some gene. Since all of the notch flies in their progeny were either 
dichaete or normal, while none of them had star eyes, it was evident that 
N2 was a new dominant, situated in the second chromosome. In the 
twelfth generation a double-notched female appeared which proved 
to be genetically the same as in the first N2 male. Unilateral notches 
which were found in the stock during the same period failed to transmit 
the character. The data for the N2 series of experiments are summarized 
in table 1. 

The other mutant which was found in the controls was also a heterozy- 
gous dominant. One male with a mass of strong lateral bristles on both 
sides of the thorax was found in the thirtieth inbred generation. When 
bred with a plus virgin female an F, progeny of 86 plus to 56 of the 
paternal type was produced. For convenience this new gene will be 
called B,. Since this first mating produced approximately equal numbers 
of B, 9’s and @’s the character was obviously not sex-linked. Three 
matings of B, X plus gave a total progeny of 136 B, to 130 plus flies, 
indicating that B, has good viability and that all three of the parents 
were heterozygotes. When B, was inbred 403 of the progeny were B,, 
while 202 were plus. The above figures are the totals from seven cultures 
and obviously represent the two-to-one ratio, which is expected when the 
pure dominant is not represented due to failure of development. In order 
to test the heterozygosis further, star was mated to bristle, and the star 
bristle progeny was inbred. Since star is known to be lethal when homo- 
zygous, if B, is also lethal in the homozygous condition only one large class 
should appear, star B,, with two small crossover classes star and B,. 
That this is the case is shown by the fact that 405 SB,, 31 B,, and 42 
Star resulted from the above mating. Had B, been capable of existing 
in a homozygous condition the B, class should have been large. Since it 
was smaller than the star crossover class further tests were deemed 
unnecessary. 

B, is in the second chromosome, since, when a star dichaete B, @ is 
bred with a plus ¢, dichaete appears with both star and B,, while B, and 
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star never occur together. The results of crosses of B, with second- 
chromosome genes are given below in tabular form. It is apparently at 
19, if the shortest-distance crossover values are used as the criterion. 
The longer distances show the expected distortion due to double crossing 
over. 
TABLE 1 
A. N2X + and N2 X N2 


PERCENTAGE 
GENERATION TYPE OF MATING 
Plus N: N: 
2 rot 
I +9X Nit 33 43 4 3 8.4* 

II N29 X Now 98 83 27 20 20.6 

III X 89 62 19 14 17.9 

IV X Nod 170 169 54 46 22.7 

IV +2X Nid 139 130 22 16 12.3 

IV N2eQX+c0 275 229 49 42 15.2 

B. Nez X star dichaete F, generation 

TYPE OF MATING SDN SDn SdN Sdn sDN sDn sdN sdn 


Star-dichaete 9 


1 2)119 137) 8 11) 99 102)/0 124) 9 10)122 119 
N2Q X star- 

dichaetec’........ 1 0} 52 49| 5 0} 46 2) 51 46)15 16) 44 45 

2 2|171 =186)13 11/145 136/0 41178 170/24 26166 164 


SDn sDn sDN Sdn sdN sdn 


* Only one sub-culture was grown for generation I; hence the percent is low. 


It was noticed in the jaunty cinnabar records that the number of flies 
classified as B, decreased rapidly during the last two counts. Many flies 
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were found which overlapped the bristle deviation of the plus strain. 
It seems that the B, character is less extreme in its expression in the last 
members of a brood so that a small amount of question exists as to classi- 
fication. Since the flies average somewhat smaller than those in the first 
count it appears that lateral, like thoracic, bristle number, shows a 
decrease proportional to body size. Flies whose germinal condition was 
under suspicion were bred and proved to be actually B, in constitution. 


TABLE 3 
Summary of crossover data involving B,. 


LOCUS OF TOTAL PERCENT CORRECT- LOCUS OF 
CROSSOVER BETWEEN KNOWN TOTALS CROSS- CROSS- ED CROSS- Br 
GENE OVERS OVERS OVER 
VALUES 

70 91 30 32.96 39.3 30.7 
0 296 45 15.23 15:9 15.9 
(S By X plus 
0 405 73 18.02 19.3 19.3 
Boa 
Totals 

Cinnabar and B,.......... 56 1,259 328 26.05 29.2 26.8 

jaunty and By. 46.7 1,259 277 22.0 24.1 22.6 

Dumpty and B,........... 10 4,445 382 8.5 8.8 18.8 


Since very few flies with increased lateral bristles are found in normal 
stock it is believed that such flies should be classified as B,. True plus 
types (three lateral bristles) gave only plus flies when tested. The last 
two counts were omitted in calculating the jaunty cinnabar crossover 
percents since at the end of the seventh day the B, and non-B, classes 
were approximately equal. The totals for the two classes at successive 
periods are given below. 


Br Non-Br 
Sst Chrome day... .. 651 912 
Est Chrous 7th 615 644 


SUMMARY AND CONCLUSIONS 


1. Two new dominant mutations, located in the second chromosome, 
were found in a relatively stable stock of Drosophila melanogaster, which 
was maintained by single-pair, brother-sister matings. 
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TABLE 4 
Summary of data for controls. 

TOTAL NUMBER AVERAGE SEX AVERAGE 

OF F AS EX- RATIO NUMBER OF | NUMBER OF 

GENERATION DATE AMINED SUM CULTURES FLIES PER 

CULTURE 

g 
1 8/19/20 1600} 1672} 3272 100 104 9 363 
> 9/1 /20 857; 827) 1684 100 96 7 240 
3 9/14/20 1018} 1085) 2103 100 106 9 233 
4 9/27/20 963; 988) 1951 100 102 10 195 
5 10/6 /20 428} 407 835 100 95 4 208 
6 11/1 /20 835} 831) 1666 100 97 8 210 
| 11/20/20 641; 659) 1300 100 102 7 185 
8 12/6 /20 626} 607) 1233 100 96 7 176 
9 12/20/20 660} 609} 1269 100 90 6 211 
10 1/3 /21 205; 220 425 100 107 3 141 
11 1/17/21 688} 680) 1368 100 98 6 228 
12 1/31/21 803} 756) 1559 100 94 8 194 
13 248 /21 854) 794) 1648 100 92 8 206 
14 2/19/21 708; 650) 1358 100 91 7 194 
15 3/ 3/21 679; 670) 1349 100 98 7 149 
16 3/16/21 1211) 1267} 2478 100 103 10 126 
17 3/29/21 1162} 1084) 2246 100 93 11 204 
18 4/13/21 706} 624) 1330 100 88 7 190 
19 4/26/21 814, 753) 1567 100 92 10 156 
20 5/15/21 753} 886} 1639 100 117 9 182 
21 §/27/21 1119} 1054) 2173 100 106 8 271 
22 6/14/21 567; 570) 1137 100 100 , 162 
23 6/28/21 1104; 984) 2088 100 89 9 232 
24 7/12/21 854) 838) 1692 100 98 10 169 
25 7/24/21 258} 271 529 100 105 3 176 
26 8/11/21 448) 412 860 100 91 5 172 
27 8/24/21 82 84 166 100 102 1 166 
28 9/7 /21 117} = 138 255 100 118 1 255 
29 9/23/21 319} 342 661 100 107 3 220 
30 10/6 /21 480} 462 942 100 96 5 188 
31 10/19/21 406} 390 796 100 96 + 199 
$2 10/29/21 243) 240 483 100 98 3 161 
33 11/15/21 416} 447 863 100 107 4 215 
34 11/28/21 297; = 275 572 100 92 4 143 
35 12/19/21 

Totals 22,921] 22,576) 45,497 100 98.4 220 206 


| 
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2. Ne,a notched wing, occurred as a heterozygote in three of the closely 
related stocks at the same time. Whether this heterozygosis were com- 
pulsory or not was not determined. A somatic character, indistinguishable 
from the less extreme type of the mutant, occurred in the stock rather 
commonly during the mutating period, but became very infrequent later 
in the same stock. N.is dominant in the generally accepted sense of giving 
an index to the constitution of the stock in the F;. 

3. Nz is recognizable only in the first two days of hatching in a cross 
either to plus or to Nz stock. Thus only 10 to 20 percent of it is ever 
found. For this reason it was impracticable to locate it within the 
chromosome. 

4. B,, multiplied lateral bristles, shows excellent fertility and viability, 
and its location at 19 should make it of value in future analyses. Like 
most dominant mutations B, is a compulsory heterozygote. 

5. One mutation was found for every 15,165 flies examined. 

6. The occurrence of two dominant mutants in a closely inbred strain 
of Drosophila is additional evidence that not all hereditary variation 
results from recombination or segregation of unchanged genes. By far 
the most satisfactory evidence on this point was derived from the study 
of the character B,, since Nz is variable, and may exist in a somatically 
masked condition. 
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INTRODUCTION 


Our purpose in this paper is to discuss in a preliminary way a problem 
of biological interest and economic importance,—the relationship between 
the time of beginning and the time of cessation, respectively, of oviposi- 
tion in the first and second egg-laying year in the domestic fowl. 

From the standpoint of general biology, it is important to extend as 
rapidly as possibly our knowledge of the quantitative relationships 
between the physiological activities of the organism at various periods 
of its existence. Egg production in the fowl is a metabolic process of 
great magnitude. The investigation of the time relations of the period of 
oviposition in the two years is, therefore, a problem of considerable 
physiological interest. From the practical standpoint, we must recognize 
the fact that the economically important characteristic of heavy laying 
can be realized in its most extreme development only by a combination 
of early-beginning and long-persisting laying-activity with the most con- 
tinuous laying during the intervening period that is physiologically pos- 
sible. A study of the relations between the laying-activity in the first 
and second years may throw much light on the problems of poultry breed- 
ing and poultry management. 

To GooDALE (1916, 1918 a, 1918 b) belongs the credit of having empha- 
sized particularly the influence of rate of growth and other factors on the 
fecundity record of the domestic fowl. Since GoopDALE’s studies are 
concerned with the first-year records, merely, while our present study has 
to do with the relationship between the time of beginning and of cessation 
of laying in the first and second year of birds which are presumably adult 
the first year and are certainly adult the second year, they will not be 
considered further in this place. 

In an earlier paper we have summarized the literature on the problem 
of the relationship between the egg records of different years (HARRIS 
and Lewis 1922), and have shown that in general there is a sensible 
correlation between the egg record of the individual months of the first 
two laying years. In another place (HARRIS and LEwis 1921) we have 
shown that the correlation between first- and second-year production is 
so close that the mere record as to whether a. bird is or is not laying, in 
certain months of the first year, may afford valuable evidence as to her 
probable second-year production. 
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Since the annual egg record of a bird is to some extent determined by 
time of beginning and time of cessation of laying, as well as by heavy 
laying during the intervening period, it seems probable that the inter- 
annual correlation for total egg production is, in a measurable degree, 
determined by correlations between the time of beginning and the time of 
cessation of laying in the two years. 

The correctness of this view was maintained in our earlier paper when, 
in discussing the relationship between laying and non-laying activity 
in the individual months of the first year as criteria of the annual egg 
production in the second year, we wrote (Harris and Lrwis, p. 310): 

“The foregoing results point clearly to an intimate relationship between 
the time at which egg laying ceases in the first year and the time at which it 
ceases in the second year of the bird’s life. This relationship is indirectly 
but unmistakably shown by the fact that the classification of the birds with 


respect to laying activity in the initial and in the final months of the first 
influences profoundly the record made by the group of birds in the second year.” 


In the investigation just cited the actual dates of beginning and of 
cessation of laying in the two years were not available but only the 
record of the number of eggs laid in the various months. This made 
possible the classification of the birds into alternative groups, laying and 
not laying, only. Using these alternative categories, it was shown that 
the four-fold distributions were such as could not reasonably be supposed 
to have arisen in flocks of birds in which time of beginning and cessation 
of laying in the first and second year are uncorrelated. From the analysis 
of the data then available we concluded (Harris and Lewis 1922, p. 310): 

“The value of P, the probability that deviation systems as great as or 
greater than those actually observed might have arisen through the errors of 
random sampling, are so small that it is impossible to consider the status of 


the birds in the two years as independent. The time of beginning of laying 
and of cessation of laying in the two years is evidently correlated.” 


In the present paper we shall deal with the correlations for the actual 
time of beginning and cessation of laying in the two years. 

While these terms are quite applicable to the mass of the available data, 
there is a considerable percentage of the cases in which there is a possi- 
bility of a misunderstanding if the limitations of terr ” ology are not 
kept clearly in mind. The birds which continue laying vu! the very end 
of the first year are recorded as “ceasing’”’-to lay in the —st five days of 
the first contest year. This is in full logical accord with the system of 
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classification employed for the series of birds as a whole, the great major- 
ity of which actually cease laying before the end of the first contest year 
and resume their laying-activity considerably after the beginning of the 
second contest year. Similarly, all birds which are laying on one of the 
first five days of the second contest year are recorded as “‘beginning”’ to 
lay in this period of the second year. Some birds, however, are laying 
semi-continuously during a period embracing the final days of the first 
contest year and the initial days of the second contest year. They, 
therefore, neither “‘cease’”’ laying in the first year nor “‘begin” laying in 
the second year in the strict biological interpretation of these terms. In 
dealing with these birds, the purely statistical significance of the terms 
“beginning” and ‘‘cessation”’ as used in this paper must be borne in mind. 


MATERIALS AND METHODS 


The materials are the same as those discussed in earlier papers (HARRIS 
and Lewis 1921, 1922), namely, the record for two years of 443 White 
Leghorn fowl, taken at the VINELAND INTERNATIONAL EGG LayincG Con- 
TEST. Two birds which laid no eggs at all in the second year were omitted 
because their inclusion would have led to obviously absurd results for 
both time of beginning and cessation of laying. 

Time of beginning and of cessation of laying have been expressed on 
a uniform quantitative scale in the following manner. Both dates have 
been regarded as deviations from the day next to the beginning or end 
of the contest, respectively. Thus a bird which laid on November 1 would 
be recorded as 1, one which laid first on November 30 as 30, one which 
laid first on December 7 as 37, etc., on the scale of time of beginning of 
laying. Similarly, birds which laid their last egg on October 31 are 
recorded as 1 on the scale of time of cessation of laying, those which laid 
on October 1 as 31, those which laid on September 15 as 47, etc. These 
scales, like any other which might have been adopted, have some advan- 
tages and some disadvantages. In considering the correlation between 
the time of beginning or the time of cessation of laying in the first and in 
the second year, it is to be noted that a positive coefficient indicates that, 
as a class, birds which begin laying earlier than the average in the first 
year also begin laying earlier than the average of the flock in the second 
year and that, as a class, birds which cease laying later than the average 
time in the first year will cease later than the average date in the second 
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year. In analyzing the results more fully, however, it is necessary to 
determine certain other correlations. In investigating the relationship 
between the time of beginning of laying in the first year and the time 
of cessation of laying in the second year it is to be remembered that a 
positive coefficient indicates that birds which begin earlier than the 
average of the flock in the first year will in general cease laying later than 
the average in the second year. With a little care on the part of the 
reader, the significance of the coefficients will be easily comprehensible. 

For convenience in the formulae, b; and b2 represent first and second 
year beginning of laying, c,; and ce denote first and second year cessation 
of laying, respectively. 


ANALYSIS OF DATA 


The distribution of time of beginning and cessation of laying, and the statistical 
constants based upon them 


Before taking up the constants, it is desirable to consider the distribu- 
tion of the times of beginning and of cessation of laying in the two years. 

The actual frequencies may be obtained from the subtotals of the vari- 
ous correlation tables. These are represented by the histograms of 
diagrams 1 and 2. 


Time of beginning of laying in the first year 


The frequency distribution for time of beginning of laying in the first 
year is shown in the lower figure of diagram 1. The distribution is wholly 
skew, with a very high mode on the 1-5 day class. It indicates clearly 
(a) that a very great majority of all birds begin to lay very early in 
November, or (b) that birds which are about ready*to lay when placed 
in the contest have been selected for that purpose on the assumption that 
they would make the best annual records. The latter seems the more 
reasonable explanation of the extremely asymmetrical distribution. 

The statistical constants for the whole series of 441 birds are 

b1 =20.06 =29.43 Vi,=146.7 

The variabilities are so great that it does not seem worth while to deter- 
mine the probable errors. 

For the discussion of the relationship between the time of beginning 
and the time of cessation of laying in the first year (third section below) 
we shall require the statistical constants for 354 birds remaining after 
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the removal of the 87 birds which ceased to lay on one of the five final 
days of the first year (i.e., the upper row of table 3. These are 
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b,=21.56 = 31.26 V;,=145.0 


TIME OF CESSATION OF LAYING FIRST YEAR 


TIME OF BEGINNING OF LAYING, FIRST YEAR 


D1acram 1.—Frequency distributions for time of beginning (lower figure) and time of cessa- 
tion (upper figure) of laying in the first year. Time is in each case measured as a deviation from 
the beginning or end of the contest year, respectively. 


The omission of these birds has resulted in relatively little change in the 
constants. 
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Omitting the 74 birds which began to lay on one of the first five days 
of the second year (i.e., deducting the upper row from the total of table 
1) we have for the remaining 367 birds 

b, =21.47 o5, = 30.83 Vs, = 143.6 

The constants are practically the same as those for the whole series of 
birds. 

For the determination of certain correlations (sixth section below) we 
require the constants for the 85 birds which began to lay between 31 
and 130 days from the beginning of the first year. These may be deduced 
from the totals of the last 20 columns of table 6. They are 

b:=73.65 o4,= 27.89 Vi,=37.9 
For the same purpose we require the constants for the 356 birds which 
began to lay in the first six periods, i-e., during the first month (November) 
of the first contest year. These may be obtained from the totals of the 
first 6 columns of table 6. They are 

6,:=7.27 o,=6.18 Vs,=85.1 


Time of beginning of laying in the second year 


The frequency distribution of time of beginning of laying in the second 
year (shown in the lower figure of diagram 2) is conspicuously different 
from that in the first year. It is bimodal, with a much lower mode on the 
earliest class than that found on the time of beginning in the first year, 
and with correspondingly greater frequencies in the higher classes, dis- 
tributed with some regularity about the mode on the 76-80- or 81-85-day 
class. The statistical constants for the whole series of 441 birds are 

be =66.51 = 38.03 V3,=57.2 

If we omit the 74 birds which began laying on one of the first five days 
of the second year (uppermost row of table 5) we have for the remaining 
367 birds 

b2=79.32 27.58 Vi, = 34.8 

Omitting the 87 birds which ceased to lay during the last five days of 
the first year (first column of table 5) we have for the remaining 354 
birds 

b2=77.60 04, = 30.05 Vi,=38.7 

It will be shown later (in the corner cell of table 5) that 65 of these 
birds which “began” to lay on one of the first five days of the second 
contest year are identical with those which “ceased” to lay on one of the 
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last five days of the first contest year. Omitting these 65 individuals, 
we have for the statistical constants of the remaining 376 birds 
be =77.49 oy, = 29.64 V,=38.2 

In addition to the above we require the constants for the subgroup of 

91 birds which ceased to lay in the period from the 6th to the 40th day 


40 
20 
ni TIME OF CESSATION OF LAYING , SECOND YEAR 
+60 
40 
3 3 23 33 #3 53 63 73 83 93 103 423 “43 43 43 83 


TIME OF OF ZAVING. SECOND 
D1acram 2.—Frequency distributions for time of beginning (lower figure) and time of cessa- 
tion (upper figure) of laying in the second year. 
from the end of the first year (totals of the columns 8 to 38 of table 5). 
These are 
bs =75. 36 24.76 Vs,=32.8 
We also require the constants for a subgroup of 263 birds which 
ceased laying over 41 days from the end of the first year (totals of columns 
43 to 143 of table 5). These are 
=78.38 op, = 31.64 Vs,=40.4 


Time of cessation of laying in the first year 


The histogram for time of cessation of laying in the first contest year 
(upper figure of diagram 1) shows a bimodal frequency distribution very 
similar to that found in the time of beginning of laying in the second 
contest year. A large proportion of the birds, 87 in number, ‘“‘ceased” 
laying on one of the last five days of the first contest year. These form a 
conspicuous modal frequency on the 1-5 day class. The remainder of 
the birds are distributed about a modal time of cessation of laying at 
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about the 56th to the 65th day. The statistical constants for the whole 
series of 441 birds are 
o,,= 30.43 V,,=68.9 
Disregarding the 87 birds (first column of table 5) which laid on one of 
the final five days of the first contest year, we have for the remaining 
354 birds 
€:=54.31 =25.18 V.,=46.4 
As noted above, 65 (corner cell of table 5) of the 87 birds which are 
recorded as laying on one of the last five days of the first contest 
year are also included in the 74 recorded as laying on one of the first five 
days of the second contest year. If these be eliminated we have the 
following constants for the 376 birds which did not lay during both the 
last five days of the first year and the first five days of the second year: 
€1=51.31 27.24 V,,=53.1 
For the purpose of analyzing the correlation between the time of cessa- 
tion of laying in the first year and the time of beginning of laying in the 
second year, we require the constants for two subgroups. The first com- 
prises the 91 birds which ceased to lay 6 to 40 days from the end of the 
first year (totals of columns 8 to 38 of table 5). These are 
@:=20.64 =9.56 V.,=46.3 
The second includes the 263 birds which ceased laying over 41 days from 
the end of the first year (columns 43 to 143 of table 5). These give 
@1=65.97 6,,=17.13 V.,=26.0 
Time of cessation of laying in the second year 
An asymmetrical distribution of wide variability, but not characterized 
by the enormous asymmetry of time of beginning of laying in the first 
year nor by the clearly marked bimodal nature of the distribution of 
time of cessation of laying in the first year or time of beginning of lay- 
ing in the second year. The constants for the whole series of 441 birds 
are 
Z2=49.41 = 31.80 V.,=64.4 
It is unnecessary, at the present time, to subdivide the series of birds 
into subgroups because of irregularities of distribution of time of cessa- 
tion of laying in the second year. It has, however, been necessary 
to do this in order to obtain constants for use in determining the correla- 
tions for groups of birds segregated from the flock as a whole because 
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of some peculiarity of distribution in one of the three other periods. 
The following constants have been determined for this purpose. 

If we omit the 74 birds (first column of table 4) which began to lay 
on one of the first five days of the second year we have for the remaining 
367 birds 

€2=53.37 oe, = 30.59 V,,=57.3 

In addition to the above we require the constants for the subgroup of 
85 birds (columns 33 to 128 of table 6) which began to lay over 31 days 
from the beginning of the first year. These are 

=58.59 = 34.58 V.,=59.0 

For the 356 birds which began to lay in the first six periods, i.e., during 

the first month (November) of the first contest year we have 
@2=47.21 30.70 V,=65.0 

We also require the constants for the subgroup of 354 birds obtained 
by omitting the 87 birds (first column of table 2) which ceased to lay on 
one of the last five days of the first year. These are 

2=54.71 oc, = 30.86 V,,=56.4 


The correlation between egg-laying activity at various periods 


Turning now to the main problem of the possible interrelationships 
between the time of beginning and the time of cessation of laying in the 
first two laying years, we may note the following general considerations. 

The relationships between the time of beginning of laying and of cessa- 
tion of laying in the two years, 753,, 7c) ate the constants of the greatest 
practical importance. Those showing the relationship between the time 
of beginning and of cessation in the same year, either first or second, 
Toa» Toe, and those showing the relationship between the time of cessa- 
tion of laying in the first year and the time of beginning of laying in the 
second year, 7,s,, and that showing the relationship between the time 
of beginning of laying in the first year and of cessation of laying in the 
second year, 75,,, are of importance in interpreting the biological rela- 
tionships involved. We shall consider the coefficients in the order indi- 
cated. 


The correlation between the time of beginning of laying in the two years 


Data for the relationship between the time of beginning of laying in 
the two years are given in table 1. For the whole flock of 441 birds we 


have r= 2295+ .0304 
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TIME OF BEGINNING OF LAY/ING , SECOND YEAR 


3 43 23 33 43 53 6 3 73 83 93 103 3 3 
THE OF BECINNING OF LAYING» FIRST YEAR 


D1acram 3.—Regression of time of beginning of laying in the second year on time of begin- 
ning of laying in the first year. Lower figure represents the line and the means for the whole 
series (V = 441); upper figure represents the line and the means for the reduced series = 367). 
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This constant is over 7.5 times as large as its probable error. If we omit 
the 74 birds which began to lay on one of the first five days of the second 
contest year because of the bimodal nature of the frequency distribution, 
as noted above, we have a series of 367 birds which gives a correlation 
r= .2364+ .0332 

This coefficient is over seven times as large as its probable error, and so 
unquestionably significant. It is to be noted that the removal of the 
74 birds, which form the conspicuous modal group at the lower end of the 
frequency distribution for time of beginning of laying in the second year 
(diagram 2) has had little influence on the magnitude of the correlation 
coefficient. Both values are clearly significant in comparison with their 
probable errors and show that the time of the beginning of laying in the 
two years is correlated. 

The equations for the regression of second-year time of beginning of 
laying on first-year time of beginning of laying for the whole series and for 
the reduced series are 

N =441, be =60.566+ .296 
N =367, b2=74.780+ .211 }, 

These are represented graphically on diagram 3. 

The means are highly irregular, but a straight line probably represents 
the results as well as any curve of a higher order. There is, furthermore, 
no appreciable general difference between the distribution of the means 
before and after the removal of the special class of 74 birds. 


The correlation between the time of cessation of laying in the two years 


Data for the relationship between the time of cessation of laying in 
the two contest years are given in table 2. We deduce for the whole 
series of 441 birds 

r= .5028+ .0240 
This constant is 20.9 times as large as its probable error. If we omit the 
87 birds which ceased to lay on the last five days of the first contest year, 
thus introducing a source of heterogeneity into the frequency distribution 
as indicated by the bimodal nature of the distribution pointed out above 
(diagram 1), the correlation for the 354 remaining birds is 
r= .4299+ .0292, r/E,=14.7 

The second coefficient is somewhat lower than the first, but it is difficult 

to determine the statistical significance of this difference. Both coeffi- 
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cients are of about medium value and indicate a relatively close interrela- 
tionship between the time of cessation of laying in the two years. 

It is interesting to note that the correlation between the time of cessa- 
tion of laying is much more intimate than that between the time of be- 
ginning of laying, as discussed in the preceding section. 

The two values of the coefficient and their differences are 


Whole series Reduced series 
For time of beginning......... .2295 + .0304 .2364+ .0332 
N=441 N=367 
For time of cessation... ....... . 5028+ .0240 .4299 + .0292 
N=441 N=354 
+.2733+ .0387 +.1935+ .0442 


The differences are clearly significant in comparison with their prob- 
able errors. The two reduced series have a small number of individuals 
in respect to which they are not identical, but these are so few that they 
can hardly influence the validity of the conclusion drawn, even if it were 
based on the reduced series alone. The results show clearly that the 
individuals are more closely correlated with respect to time of cessation 
of laying in the two years than with respect to time of beginning of laying. 

The regression of the time of cessation of laying in the second year on 
the time of cessation of laying in the first year for the whole series of birds 
is 

=26.184+ .526 ci 
For the reduced series the equation is 
26 ,094+ C1 

The mean time of cessation of laying in the second year is of course 
identical for the two groups, which differ merely by the omission of the 
lowest class in the smaller series of time of cessation of laying in the first 
of the two years. The two lines are so nearly identical that only one, 
that for the whole series of 441 birds, is represented on diagram 4. 

Again the means are highly irregular, but there can be no question of 
the significance of the correlation coefficient as a measure of interrelation- 
ship between the dates of cessation of laying in the two years. 
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The correlation between the time of beginning of laying in the first year 
and the time of cessation of laying in the first year 


The results of the preceding sections have shown that there is a signifi- 
cant correlation between the time of beginning and the time of cessation 
of laying, respectively, in the first two egg-laying years. The problem 
which must next be investigated is that of the relationship between the 
time of beginning and of cessation of laying in the same year. 
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Diacram 4.—Regression of time of cessation of laying in the second year on time of cessa- 
tion of laying in the first year. 


The correlation surface showing the relationship between the time of 
beginning of laying in the first year and the time of cessation of laying in 
the same year is shown in table 3. 

For the whole flock of 441 birds the correlation coefficient is 


r= .2439+ .0302 
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This is 8.07 times as large as its probable error. If we omit the 87 birds 
which ceased laying during the last five days of the first year, we deduce 
for the 354 remaining birds 


= .2482+ .0336, 
a value which is 7.4 times as large as its probable error. 
+100 
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+ 80 
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D1acraM 5.—Regression of time of cessation of laying in the first year on time of beginning 
of laying in the first year. Lower figure represents the line and the means for the wholefseries 
(N =441); upper figure represents the line and the means for the reduced series (VN =354). 


Apparently the removal of the group of birds which gives bimodality 
to the frequency distribution for the time of cessation in the first year 
has had little influence on the magnitude of the correlation coefficient. 

These coefficients have a very important biological significance. Since 
both beginning and cessation of laying are measured from the beginning 
Genetics 8: Ja 1923 
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and end of the contest year, respectively, a positive correlation coefficient 
shows that birds which are precocious layers are apt to be long-continued 
layers, while those which are tardy in beginning to lay are also apt to be 
early in their cessation of laying activity. 

The relationships may be best shown by means of regression equations 
and diagrams. 

For the regression of first-year cessation of laying on first-year begin- 
ning of laying we have the following equations 

For N =441, c,=39.133+.252 b; 
For N =354, c,=50.003+ .200 db; 

The equations and the mean time of cessation of laying of birds which 
begin laying at various times of the first year are shown for the whole 
series of birds and for the reduced series on diagram 5. 

While the means are distributed with great irregularity, a straight line 
represents their trend fairly well. 

Since neither time of beginning nor time of cessation of laying can be 
regarded as a piimary variable as compared with the other, it is desirable 
to determine the regression of time of beginning of laying on time of 
cessation of laying. The equations are 

For N = 441, .236 c, 
For N =354, 6: =4.821+ .308 c, 

These are represented graphically on diagram 6. The means are 
identical in the two series, except that one mean is wanting in the reduced 
series. The extreme irregularity of the means for birds which ceased 
laying very early in the first year is due to the very small numbers of 
individuals upon which they are based. 

Notwithstanding the irregularities of the means, the straight lines 
represent them fairly well. 


The correlation between the time of beginning of laying in the second 
year and the time of cessation of laying in the second year 


The problem to be considered here is identical with that for first-year 
production discussed in the preceding section. We have, in short, to 
determine whether birds which are precocious layers in the second year 
are also long-continued layers in the second year. 


4 
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Table 4 gives the data for the relationship between the time of begin- 
ning of laying and the time of cessation of laying in the second contest 
year. The correlation for the whole flock of 441 birds is 

r= .3969+ .0271, r/E,=14.7 

Omitting the 74 birds which began to lay within the first five days of 
the second year we have a series of 367 birds. Thes2 give 

r= .3252+.0315, r/E,=10.3 

These constants are of a material order of magnitude and clearly signifi- 
cant in comparison with their probable errors. They show that in the 


TIME OF BEGINN/NG OF LAY/NC, FIRST YEAR 


3 13 23 33 43 $3 63 73 83 93 103 “3 /23 133 /43 
TIME OF CESSATION OF LAYING , FIRST YEAR 


D1aGraM 6.—Regression of time of beginning of laying in the first year on time of cessation 
of laying in the first year. The solid line represents the equation for the whole series (NW =441); 
the broken line represents the equation for the reduced series (NW =354). 
second year, as in the first, birds which are precocious layers are apt to 
be long-continuing layers, while birds which are late in beginning to lay 
are apt to cease early. The removal of the group of birds which form an 
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accessory modal class in the distribution of time of beginning modifies 
the correlation but slightly. 

It is interesting to compare the results forthe first and the second year. 
For the whole series of 441 birds the coefficients and their differences are 


For first year, . 2439 + .0302 
For second year, . 3969 + .0271 
Difference . 1530+ .0406 


Since 65 of the 87 birds which ceased to lay during the last five days 
of the first year and of the 74 which began to lay during the first five days 


T/ME OF CESSATION OF LAYING, SECOND YEAR 
r 
Ss 
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E OF BEGINNING OF LAYING, SECOND YEAR 
D1acram 7.—Regression of time of cessation of laying in the second year on time of beginning 
of laying in the second year. The solid line represents the equation for the entire series (V =441). 
The broken line represents the equation for the reduced series (N = 367). 
of the second year are identical we may draw the comparisons for the two 
reduced groups, although they are not exactly identical. The results are 
For first year, N = 354, . 2482 + .0336 
For second year, N = 367, .3252+.0315 


Difference .0770+ .0461 
The first of these differences is apparently significant in comparison 
with its probable error. The second cannot be so considered, but it must 
not be forgotten that in this case the birds included in the two series are 
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not exactly identica]. The results suggest that the activities of the second 
year are somewhat more closely correlated than those of the first. 

The regression equations for the second-year cessation of laying on 
second-year beginning of laying are as follows 

For N =441, c2=27.335+.332 be 
For N = 367, co=44.758+ .361 be 

These equations and the mean time of cessation of laying for birds 
classified in groups of five-day range for time of beginning of laying in 
the second year are represented on diagram 7.2, The means are the same 
in the two series except for the omission of the lowest class for time of 
beginning of laying in the reduced series. The two lines are nearly 
identical. 

As in our investigation of the interrelationship of time of beginning 
and time of cessation of. laying in the first year, we may consider the 
regression of time of beginning of laying in the second year on time of 
cessation of laying in the second year. The equations are 

For N =441, b2.=43.066+ .475 ce 
For N = 367, b2=63.676+ .293 

These are shown with the means for time of beginning of laying for 
birds ceasing at various periods of the second year, on diagram 8.* 

When we remember the extreme variability in time of beginning and 
cessation of laying, it appears that the straight lines represent the means 
fairly well. 


The correlation between the time of cessation of laying in the first year 
and the time of beginning of laying in the second year 


The problem of the correlation between the time of cessation of laying 
in the first year and the time of beginning of laying in the second year is 
one of great biological interest, but it presents considerable statistical 
difficulty. 

Table 5 gives data for the relationship between the time of cessation 
of laying in the first year and the time of beginning of laying in the 
second year in the whole flock of 441 birds. 

2 The three classes of birds which were most tardy in beginning to lay the second year are 
represented by but a single individual each, and are omitted from the diagram. They have, of 
course, been included in the calculation of the constants and the equations. 

3 From this diagram we have omitted the five classes of birds which ceased to lay over 135 
days from the end of the second year because of great irregularity due to the fact that the classes 
contained only one or two individuals each. The actual means may be obtained from the corre- 
lation tables if the reader desires. 
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A casual inspection of this table shows certain peculiarities of distribu- 
tion which must be taken into account in the calculation and interpreta- 
tion of the constants. Of the 441 birds, 87 are recorded as having laid 
on one of the five final days of the first contest year. Similarly, 74 of the 
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T/ME OF OF LAYING, SECOND YEAR 


3 43 23 33 43 53 63 73 83 93 403, WS 3 3B 
TIME OF CESSATION OF LAYING, SECOND YEAR 


D1acraM 8.—Regression of time of beginning of laying in the second year on time of cessa- 
tion of laying in the second year. The lower figure represents the line and the means for the whole 
series (V=441). The upper figure represents the line and the means for the reduced series 
(N =367). 


441 birds are recorded as having begun to lay on one of the first five days 
of the second contest year. These classes form secondary modes in the 
frequency distributions for both first- and second-year production. The 
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corner cell of the correlation surface shows that 65 of the 74 and 87 birds 
are identical. 

Since first and second years are merely formally different at their end 
and beginning, respectively, it is quite reasonable to assume that the birds 
which are recorded as ceasing their laying activity very late in the first 
year are in part those which are really beginning their second-year cycle. 
On the other hand certain of the birds which are recorded as beginning 
oviposition very early in the second year are really those which have not 
yet ceased their first-year laying activities. These statements assume 
that there are definite first- and second-year laying cycles—an assumption 
which may or may not be wholly valid. 

While it is not possible to solve all the problems involved without a 
study of the distribution of the egg production of each individual bird 
throughout the two years, some progress may be made by using various 
divisions of the material in determining the correlations. These divisions 
will now be considered. 

For the whole series of 441 birds we have 

r= .5007+ .0241, r/E,=20.8 

This coefficient, which is of medium value and clearly significant as a 
statistical constant (disregarding for the moment the question of the 
form of the regression line which will be taken up in a moment) shows 
that the birds which cease Jaying unusually late in the first year begin, 
on the average, unusually early in the second year. In other words, 
long-continued laying in the first year is associated with precocious laying 
in the second year. 

Omitting all the birds which ceased laying 1 to 5 days from the end of 
the first year we have a correlation 

r= .2019+ .0344 
This coefficient, being 5.9 times as large as its probable error, is statistically 
significant. It shows, however, that when the group of birds, which 
ceased laying at the very end of the first year and may therefore be sus- 
pected of being really at the beginning of their second-year laying cycle, 
are omitted, the magnitude of the correlation coefficient is much reduced.‘ 


‘ If we omit the 65 birds which laid on one of the last five days of the first year and on one of 
the first five days of the second year, we have for the 376 remaining birds 
r= .1847+ .0336, 
a value 5.5 times as large as its probable error, and probably statistically significant. 
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Before considering the correlation coefficients in greater detail, it is 
desirable to examine the straight lines which may be fitted to the means 
of the arrays of birds classified with respect to the time of cessation of © 
laying in the first year. 

The straight-line regression equation for time of beginning of laying 
in the second year on time of cessation of laying in the first year for the 
441 birds is 

be =38.858+ .626 

This equation is represented graphically by the heavy line on diagram 
9. The fit of the line to the means is evidently very bad indeed. The 
irregularities cannot be attributed wholly to errors of random sampling, 
since certain of the highly divergent means are based on fairly large 
numbers of individuals. This is particularly the case with the mean time 
of beginning in the second year of birds which are classified as having 
ceased their first-year laying activity on one of the five final days of the 
first year. 

Omitting the group of 87 birds as we have done above in the determina- 
tion of the correlation coefficient, we have for the remaining 354 birds, 
which are recorded as having ceased laying at least six days before the 
end of the first contest year, the following regression equation 

be = 64.5184 .241 

This equation is represented by the heavy broken line on diagram 9. 
The means for second-year production are of course not changed by the 
omission of the group of birds classed as ceasing their laying activities 
at the end of the first year. The agreement of the line with the empirical 
means is not good, but the general trend of the means and line is such as 
to indicate that, even when the 87 birds which cease laying at the very 
end of the first year are omitted, there is some correlation between the 
time of cessation of laying in the first year and the time of beginning of 
laying in the second year. 

A study of the whole series of means on diagram 9 suggests that there is 
little change in the mean time of beginning of laying in the second year 
associated with variation in the time of cessation of laying in the first 
year from the sixth to the fortieth day from the end of the first contest 
year. This group comprises 91 birds. The correlation between time of 
cessation of laying in the first year and time of beginning of laying in the 
second year for this group is 

r= .0642+ .0704 
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This coefficient is smaller than its probable error, and while it is positive 
in sign (as are all but one of the other coefficients deduced in this study) 
it cannot be asserted to show any relationship between the time of cessa- 
tion of laying in a flock of birds from which have been excluded (a) the 
birds which were laying at the very end of the first contest year and to a 
considerable extent continued to lay on at least one of the first five days 
of the second contest year, and (b) the birds which ceased laying over forty 
days before the end of the first contest year. 


TIME OF BEGINNW/NG OF LAY/NC, SECOND YEAR 
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4. 


TUE OF CESSATION OF LAY/NG , F/RST YEAR 


D1acraM 9.—Regression of the time of beginning of laying in the second year on the time 
of cessation of laying in the first year. For explanation of the various lines see the discussion in 
the text. 

The regression of time of beginning of laying in the second year on time 
of cessation of laying in the first year for this group of 91 birds is given by 
the equation 

be =71.931+.166 cy 
This is represented by the short solid line on diagram 9. 
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It is profitable to consider the correlation for the birds, 263 in numbe1 
in the present series, which ceased laying over forty days before the 
end of the first contest year. These show a correlation between time of 
cessation of laying in the first year and time of beginning of laying in the 
second year of 

r= .3048+ .0377, r/E,=8.07 
The regression equation is 
be = 41.2414 .563 cy 
This is represented graphically by the long light line on diagram 9. 

This coefficient is distinctly larger.than that for the series from which 
the 87 birds which were laying at the very end of the first year has been 
omitted. The coefficient is clearly significant in comparison with its prob- 
able error. The regression line, while not very satisfactory, seems to the 
eye one of the best of the series. 

Turning to the diagram and noting the fit of the line for the birds which 
ceased laying between the sixth and the fortieth day from the end of 
the first contest year and that for the birds which ceased laying over 
forty days from the end of the first contest year, we see a material improve- 
ment in goodness of fit for the two individual sections of the diagram as 
compared with the section covering the whole class of birds ceasing their 
laying activity before the fifth day from the end of the first contest year. 


The correlation between the time of beginning of laying in the first year 
and the time of cessation of laying in the second year 


The data for the correlation between the time of beginning of laying 
in the first year and the time of cessation of laying in the second year 
for the whole series of 441 birds are given in table 6. We deduce 

r= .1561+ .0313 
This constant is 5 times as large as its probable error. The equation for 
the regression of second-year cessation of laying on first-year beginning 
of laying is 
C2 =46.022+ .169 

This is represented graphically on diagram 10. This shows the mean time 
of cessation in the second year of birds which began laying at various 
times in the first year. The fit of the heavy line for the whole series is 
clearly far from satisfactory. This is not merely the case for the widely 
divergent means for birds which begin laying more than 31 days from the 
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beginning of the first year, but also for the less conspicuous deviations 
in the first six classes. The former irregularities may be, and probably 
are, largely due to the errors of random sampling, since the numbers of 
individuals upon which the means are based are, in general, small. Asa 
matter of fact, ten is the largest number of individuals available for any 
one of these twenty means. The deviations in the case of the first six 


TIME OF CESSATION OF LAYING, SECOND YEAR 
= 
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TIME OF BEGINNING OF LAYING, FIRST YEAR 
Dracram 10.—Regression of the time of cessation of laying in the second year on the time 
of beginning of laying in the first year. For explanation see the discussion in the text. 
classes (birds beginning to lay not more than thirty days from the begin- 
ning of the contest) are much more significant, since 356 of the 441 birds 
fall in these classes. 

We have determined the correlation between the time of beginning of 
laying in the first year and the time of cessation of laying in the second 
year for these 356 birds, separately, and find 

= — .0900+ .0355 
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This value is low but possibly significant in comparison with its probable 
error. The regression equation for this group is 

c2=50.461 — . 447 d; 
This is represented by the short light line on diagram 10. 

Calculating the correlation between 6; and cz for the 85 birds which 
begin to lay more than thirty days after the beginning of the contest 
(i.e., after November 30) we have 

r= .2283+ .0693 
This coefficient is larger than that for the series of 441 birds. Notwith- 
standing the small number of individuals upon which it is based, it may 
be significant in comparison with its probable error. The regression 
equation, represented by the longer lignt line on diagram 10 is 
C2=37.746+ .283 dy 

So far as the data go, they indicate that in general birds which are 
precocious layers in the first year are persistent layers the second year. 
The birds which begin to lay during the first month (November) of the 
contest may form an exception to this rule. 

The whole problem deserves more exhaustive investigation on larger 
series of data, and with greater regard to time of moulting and other 
characteristics of the individual birds. 


DISCUSSION 


The foregoing statements summarize the statistical facts with regard 
to the distribution of the magnitudes and to the various possible interrela- 
tionships of the time variables under consideration. The full physiological 
explanation of these quantitative relationships presents many difficulties, 
to be overcome only by the amassing and mathematical analysis of the 
data of carefully planned experiments. 

The suggestion, most likely to be made by biologists in criticism of the 
results presented here, is that the results are due merely to heterogeneity 
with respect to maturity of the birds. The argument in this case will be 
about as follows: 

Suppose that the flocks were composed of birds in very different stages 
of maturity and that there is a normal first-year cycle and a normal second- 
year cycle. If these assumptions were true, then all the birds which were 
very immature in the first year, would begin laying late in both first and 
second years and would presumably cease laying late in both these years. 
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On the other hand, birds which were well advanced with respect to matur- 
ity, would begin unusually early in both the first and second year. Thus, 
the simple suggestion of a shift in the cycles of both first and second 
year (due to the birds having various degrees of maturity) might account 
for the correlations demonstrated here between the time of beginning and 
time of cessation in the first and second years. 

More critical consideration will show, however, that this assumption 
is wholly unjustified. In the first place, the great bulk of the birds began 
to lay in the first three weeks of their first year in the contest. We can 
not, therefore, assume immaturity in the case of a very considerable 
number of the birds. This does not preclude some influence of hetero- 
geneity because of the possible different ages of the birds which had already 
begun to lay at the beginning of the first contest year, but it is unlikely 
that this can have a very important influence on the result. 

In the second place, there are apparently significant correlations be- 
tween the time of beginning and the time of cessation of laying in the 
same year—both in the first year and in the s2cond year. Thus, birds 
which begin early, tend to cease late. Furthermore, there are apparently 
significant correlations between the time of cessation in the first year and 
the time of beginning in the second year and between the time of beginning 
in the first year and the time of cessation in the second year. 

Taking all these evidences together, the possible criticism of an influence 
of heterogeneity with respect to age seems to have very little value. 

A special case of the criticism of the results, on the basis of supposed 
heterogeneity, is furnished by the group of birds which are laying on 
both the final days of the first year and the initial days of the second 
year. It might be assumed that these birds differ from the flock, as a 
whole, in time of hatching or in treatment before entering the contest, 
and that the large correlation between time of cessation in the first year 
and time of beginning of laying in the second year is due, primarily, to 
heterogeneity of materials. 

We have no way of directly ascertaining whether this is true on the 
basis of the present material. We may, however, determine whether 
these birds were submitted predominantly by certain poultry-men. If 
so, we may legitimately assume that conditions, influencing either the 
breeding or the environment of these individuals, determined their 
peculiar distribution. To obtain a solution to this problem, we may pro- 
ceed as follows: 
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Birds may be classed as laying during both the last five days of the first 
contest year and the first five days of the second contest year and as not 
laying during these two five-day periods. For convenience we will group 
the birds as “laying” and “not laying.” 

We now consider the distribution of the birds classed in these two 
categories throughout the pens of the contest. We find that 33 of the 53 
pens had one or more of the birds laying on at least one of the last five 
days of the first contest year and on at least one of the first five days of 
of the second contest year. It is clear, therefore, that the peculiarity 
of these birds can not be due to the fact that they came from only a very 
few breeders who had treated their birds in a manner different from the 
rest. They are too widely distributed among the pens of the various 
exhibitors to have this explanation fully suffice. 

To determine whether there is a preponderance of birds of this type in 
certain pens, we may make every possible combination of the birds of the 
same pen, sum for all pens, and arrange in the four-fold grouping of the 
following table. The upper entry represents the observed frequencies of 


LAYING NOT LAYING TOTAL 

Laying 108 368 476 
69.4 406.6 
+38.6 —38.6 

Not laying 368 2422 2790 
406.6 2383.4 
—38.6 +38.6 

Total 476 2790 3266 


the combinations, the second entry indicates the theoretical frequencies 
(on the assumption that there is no tendency for birds which lay at the 
end of the first year and at the beginning of the second year to occur in 
certain pens) and the third entry shows the difference between observa- 
tion and expectation. 

The differences between the theoretical and the observed frequencies 
show that like combinations are more frequent than those which are 
unlike. Thus, there is an apparent tendency for birds of the anomalous 
type to occur in certain pens. The problem is to determine whether this 
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tendency is real, or whether the numerical expression is so slight as to 
be possibly attributed to random sampling. 

From such a table, we may determine the deviation of the various sub- 
frequencies from the numbers to be expected, if they were determined 
by the random combination of birds of the two classes as they occur in 
the population contest series as a whole. 

Applying Prarson’s (1900) criterion that a system of deviations 
from the probable is such that it may be reasonably supposed to have 
arisen from random sampling, i.e., 


ens 


where o is the observed frequency and ¢ the frequency computed on the 
assumption of the absence of correlation between the alternative cate- 
gories, and S denotes summation for the four combinations under con- 
sideration. Remembering that the above is a weighted population, 
we must reduce to a total frequency of unity, and write 

x*=NS bes 

where the primes denote that the sub-frequencies are those of a total 
population considered unity and N is the actual number in the series 
dealt with. In the present case, NV = 441. 
The actual values found are 

x? =3.979, P=0. 264 
The value of P, taken directly from ELDERTON’s table (ELDERTON 1901), 
shows that in about one time out of four there would be a deviation as 
great as, or greater than, that observed in the present case if there were 
really no correlation between the condition of the birds of the same pen 
with respect to this peculiarity. 

Thus, while there may be some tendency for birds of the special class 
under consideration to occur with greater frequency in some pens, this 
cannot be regarded as fully established by the available facts. This 
uncertainty, in connection with the positive fact that birds of this type 
occur in so many of the pens, may be taken as conclusive evidence that 
this group does not owe its origin to the special treatment of a few breed- 
ers and exhibitors.® 


5 Possibly the heavy laying activity at this time may be due to some special environmental 
condition. This point can be settled only by the analysis of additional series of data. 
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SUMMARY AND CONCLUSIONS 


The present paper is a contribution to the problem of the relationship 
between time factors in the physiological activities of two peridds in the 
life history of the vertebrate organism. Specifically, it deals with the 
problem of the correlation between the time of beginning and the time of 
cessation, respectively, in the first and second laying year of the White 
Leghorn breed of domestic fowl. Incidentally, it also treats of the prob- 
lem of the relationship between the time of beginning and the time of 
cessation in the same year for both first and second years, respectively. 

The frequency distributions, for the four variables considered, are in 
gross disagreement with the normal curve generally assumed to have 
wide applicability in describing biological phenomena. 

The distribution of time of beginning of laying in the first year is wholly 
skew, with nearly fifty percent of the individuals concentrated into the 
modal class and nearly eighty percent into the first four classes. 

The distribution of time of beginning in the second year is bimodal, 
with a mode on the earliest date much lower than that found in the time 
of beginning in the first year and with correspondingly greater frequencies 
in the higher classes which are distributed with some regularity about 
another mode on the 75—80- and 81-—85-day class. 

The time of cessation of laying in the first year is also bimodal and bears 
a superficial resemblance to the distribution for the time of Rapes of 
laying in the second contest year. 

Finally, the distribution of time of cessation of laying in the second 
year is highly variable and markedly asymmetrical, but cannot be asserted 
to be bimodal or trimodal without the application of special statistical 
tests. 

It has not seemed worth while to attempt to fit theoretical curves to 
these frequency distributions. The birds have, however, been divided 
in various ways (as seemed desirable from a study of the frequency dis- 
tributions of the four variables) for the purpose of determining the various 
correlation coefficients. The means, standard deviations, and coefficients 
of variation for the segregated distributions are given in the body of the 
paper. Further analysis would best await the securing of additional series 
of biological data. 

The correlation between the time of beginning of laying in the first and 
second years is represented by a coefficient of r = . 230. 
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This coefficient is not materially changed by the divisions of the flock 
which it has seemed desirable to recognize. It is clearly significant in 
comparison with its probable error and indicates a measurable similarity 
between the time of beginning of laying in the second and first year. 

The regression of time of beginning of laying in the second year on time 
of beginning of laying in the first year is, roughly speaking, linear, although 
the means of arrays are highly variable. 

The correlation between the time of cessation of laying in the two years 
is sensibly larger than that for the correlation for time of beginning of 
laying just discussed. The coefficients are of the order r = .430 tor = . 503, 
depending upon the number of birds included in the series upon which the 
correlation is based. The empirical means for time of cessation of laying 
in the second year are scattered with considerable irregularity around the 
theoretical straight lines, but there can be no question as to the reality 
of the correlation, nor that the change in the time of cessation of laying 
in the second year may be fairly well represented by the linear equation. 

The correlation between the time of beginning of laying in the first 
year and time of cessation in the first year, and the homologous constant 
measuring the relationship between the time of beginning of laying and 
the time of cessation of laying in the second year, are positive in sign and 
clearly significant in comparison with their probable errors. They show, 
therefore, that the birds which are precocious layers are in general long 
persistent layers. The constant for the second year seems to be slightly 
larger than that for the first year. 

The cross correlations, those measuring the relationship between the 
time of cessation of laying in the first year and time of beginning of 
laying in the second year and those measuring the correlation between 
time of beginning of laying in the first year and the time of cessation of 
laying in the second year, present special difficulties. 

It appears that there is a special group of birds which are laying at 
the very end of the first contest year and continue laying into the begin- 
ning of the second contest year. The numerical results secured for the 
measures of interrelationship depend much upon the treatment of the 
various possible groupings of the data with respect to these exceptional 
individuals. 

The results seem to indicate that the birds which are most persistent 
in laying at the close of the first year are the most precocious in their 
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resumption of laying activities in the second year. Again, the birds 
which are more prococious in the beginning of laying in the first year are 
in general the most persistent in the continuation of their laying activities 
in the second year. These relationships, however, present great difficul- 
ties, both biologically and statistically, and final conclusions must await 
the amassing of larger series of data. 


That we are not dealing to any considerable extent with the problem > 


of time of sexual maturity in the sense that GOODALE used the term is 
shown by the two facts: (1) A very large proportion, 344 out of the 
441 birds considered, began laying in the first three weeks of the first 
contest year. Of these 344 birds 212 laid on one of the first five days of 
the first contest year. (2) We find a fairly close relationship between 
the time of beginning and the time of cessation of laying in the first year. 
Furthermore there is the same kind of correlation, and an even higher 
coefficient, measuring the relationship between the time of beginning and 
of cessation in the second year as that found in the first year. Thus it is 
clear that the relationships here considered are not due to physical matu- 
rity, merely. 
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Parallel variation shown in reversion and cresting... 84 
INTRODUCTION 


Attention has been called in previous papers to a large number of 
varieties of Nephrolepis derived by bud variation from the commonly 
cultivated “Boston fern,’ N. exaltata bostoniensis. In one of these 
articles (BENEDICT 1916) was given the genealogy and brief descriptions 
of over forty American forms which had arisen by progressive variation, 
i.e., by divergence in characters from the Boston fern. In a later paper 
(BENEDICT 1922 a) consideration was given to certain other varieties de- 
rived by reversion or regressive variation from a number of the progressive 
varieties considered in the first paper. 

In the present paper, both types of variation are included, but a much 
smaller number of forms is involved. Two new sports of particular 
interest in the Boston-fern series form the main subject of the first section; 
both were derived by progressive sporting from the variety known as 
elegantissima-compacta. With one of these new forms a state of leaf vivip- 
ary has been achieved, a condition not heretofore known either among 
these horticultural varieties or among the wild species of Nephrolepis. 
The second section of the present paper is concerned with a number of 
varieties, partly new and partly old, which offer excellent examples of 
parallel variation. 


1 BROOKLYN Botanic GARDEN Contributions, No. 32. 
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LEGEND FOR PLATE 1 


A new viviparous bud sport of elegantissima-compacta cristata. 


FicurEs 1 to 3.—Typical leaves of new form. Figure 2 shows leaf with a 
young reverted plant arising viviparously. (Enlarged in text- 
figure 2.) 
Ficures 4 to 10.—Reverting leaves of new form, showing various expressions 
of cresting and division. 
FicurE 11.—Single pinna of Boston fern for comparison. 
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A NEW FORM WITH VIVIPAROUS LEAVES 


As previously described (BENEDICT 1916) the variety elegantissima- 
compacta is a dwarf type with twice-pinnate, pinnatifid leaves, each form- 
ing a dense plumy growth (plate 2, figure 3). Occasional reverting leaves 
once-pinnate or of an intermediate division type, may occur, but on the 
whole the variety is stable in its characters. Compared with its parent 
form, Piersoni, (plate 2, figure 2) which is tall and simply twice-pinnate, 
but normally with frequent once-pinnate leaves, elegantissima-compacta 
offers two marked differences; viz., a considerable decrease in size, and a 
definite increase in division, together also with a greater stability of the 
division character. There is reason for believing also that this variety, 
as will be pointed out below, comprises still another difference from Pier- 
soni, in the addition of ruffling as a distinct character of the pinnae. 

The first of the two new forms to be described represents the addition 
to the elegantissima-compacta complex of characters of an entirely new 
leaf modification, that of cresting or the forking of the leaf and pinna tips. 
This is cited as new merely for elegantissima-compacta, as it is a common 
variation among ferns in general, both cultivated and wild. Among the 
sports of the Boston-fern series it occurs as modifying a considerable num- 
ber of different types. In this particular case, it was found at the F. R. 
PieRSON Tarrytown establishment by J. T. TREVILLIAN, the foreman 
of the greenhouses, as a runner sport, and was first marketed in 1920 under 
the name, elegantissima-compacta cristata, cristata being the common 
technical term for such leaf dichotomy. A section of typical leaf is repre- 
sented in plate 2, figure 7. 

In addition to the cresting, this form shows some decrease in the 
stability of the twice-pinnate, pinnatifid condition. It appears that the 
perfect manifestation of both cresting and double division, symmetrically 
developed throughout a single leaf, is difficult to achieve. The first result 
is that along a single leaf the pinnae show in varying degrees sometimes 
both cresting and double division, sometimes only the cresting or only 
the division type. Reverting leaves present a curious mixture of all 
possible characteristics from completely crested and divided pinnae 
through all gradations to entire, undivided, falcate pinnae of the ordinary 
Boston-fern type (plate 2, figure 1). Whole leaves may show reversion 
only, retaining the cresting character; others may be simply doubly 
pinnate without any external sign of cresting. Some leaves are crested 


. along the pinna tips but normal for the leaf tip, and vice versa. 
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From elegantissima-compacta cristata a further progressive sport has 
been detected by TREVILLIAN which represents the most extremely 
specialized type, (text-figure 1 and 2 and plates 1 and 2) of all known 
Boston-fern varieties. Described in terms of separate character accre- 
tions, it is a sport progressive from elegantissima-compacta cristata through 
an increase in the amount of the pinnate-division character. In other 
words, from the twice-pinnate pinnatifid type of its parent form, it differs 


FicurE 1.—Illustrating the forking thalloid segments of a new viviparous sport of elegantissi- 
ma-compacta cristata. A shows a single pinna of bostoniensis for comparison. 


in being at least four-times pinnate, with the cresting feature retained in 
combination. So far no other case of a crested “‘lace” type has come to 
my attention, although on the basis of the observed and recorded be- 
havior of these sports in general (BENEDICT 1916) it was a logical conclu- 
sion that such a combination of characters should occur. As stated 
earlier (BENEDICT 1916) it has appeared from previous study that any 
given variety, not at the maximum possible condition for a particular 
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character if cultivated in sufficient number may be expected to give rise to 
bud sports showing a greater approximation to that maximum. It is not 
improbable that such a combination of lace-like division with cresting 
may have occurred more than once and have been discarded as of no 
commercial value. It is interesting that in this case the combination 
occurred by the addition of multiple division to a crested form, the latter 
type being much less common in cultivation, rather than by the discovery 
among the thousands of three- and four-pinnate varieties grown annually, 
of a bud sport showing cresting. 


FicurE 2.—A single leaf of a new viviparous bud sport, showing production of a new plant 
from a leaf. 


The new form is as yet unnamed. Horticulturally, it is probably value- 
less, except in the possibility that from it some more easily cultivated, 
distinct type may arise. The plants are extraordinary in appearance, not 
only for Nephrolepis, but for ferns in general. A single fully developed 
leaf appears as a dense spherical mass, about an inch in diameter (plate 1, 
figure 1). Dissected, it is found to consist of irregularly forking, flattened 
green filaments (text figure 1) of no fixed length or breadth. The wiry 
red petiole dichotomizes several times within the spherical leaf “blade,” 
and the subdivisions give rise to the green filaments already mentioned. 
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It is impossible to differentiate between pinnae and pinnulae, if such 
exist, and the lobes produced by forking. 

Added to the interest of this peculiar division type is the fact that these 
leaf masses seem regularly to produce new plants by the viviparous 
budding of the leaves. Such young plants may present the typical slender 
forking filaments of the variety, or may appear completely reverted to a 
once-pinnate condition (text-figure 2 and plate 1, figure 2). The young 
reverted plant shown was developed from one of the main forks of the leaf 
axis or midrib, but in other cases, the new plants seem also to arise from 
the lesser herbaceous filaments. The stolons typical for Nephrolepis 
appear on the new plants while these are still attached to the parent leaf. 
Propagation is easily carried on by setting the tiny plants in moist soil. 
TREVILLIAN believes that reproduction may be artificially induced by 
taking cuttings of adult leaves without any new plants, and setting these 
in moist soil, but this has yet to be demonstrated certainly. 

Typical adult plants growing in the soil develop stolons normal for the 
genus, although so far of slight growth. New plants arise along these 
stolons close to the parent stem. Reversion has appeared in such stem 
buds, and is illustrated in plate 1, figures 4 to 10. So far the reversion 
seems to be of the unstable ever-sporting type as shown in the wide variety 
of leaf forms illustrated, ranging from the simple once-pinnate type of 
figure 7, through all intergradations of division to the most extreme form 
of the variety. Presumably the runner progeny of these reverting plants 
should include new plants typical of the extreme parent form, together 
with others showing reduced development of the division and cresting 
characters, as well as still others of continued unstable proclivities. So 
far it appears that with the loss of the dense character in the reverted 
leaves, although evidence of the combination of cresting with reduced 
division is apparent (plate 1, figures 4 to 6, 9, 10) the ability of the leaves to 
reproduce viviparously is lost. 

Speculation as to the significance of the appearance of viviparity as a 
character new to the genus and probably present only in one rare species? 
in the whole fern tribe Davalliae in which Nephrolepis belongs, opens 
up a wide range of interesting possibilities. Dichotomy of leaf has been 
recognized as probably primitive for ferns, especially on the basis of the 


2 Dennstaedtia cicutarioides (Feé) Hieronymus; Fret, Mem. Foug. 11: 95. pl. 25. fig.2. I 
am indebted to Mr. W. R. Maxon for this fact and reference. 
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theory of fern leaf origin from a dichotomously branching thallus frond 
(homologous alternation of generations). In such a case as the present, 

assuming as a working hypothesis that the free-forking leaf type is 
primitive, it is plausible to suppose that other primitive characters might 
be associated with this, and vivipary, or regeneration, as a result of re- 
duced differentiation of leaf tissue would be explainable on this basis. 
That dichotomy of leaf division may be considered a primitive character 
is also indicated by the ontogeny of fern leaves in general. It is a com- 
monplace of fern leaf development that the early leaves, even of species 
with strongly marked axial venation, are usually forked, or with forking 
venation (BENEDICT 1911). 

The genus Nephrolepis offers a fertile field to the student of the organ 
morphology and vascular morphology of ferns. The normal pairing of 
leaf and stolon, the fact that these lateral branches are the root-producing 
organs for the main stem, and the teratological phenomenon, referred to in 
a previous paper (BENEDICT 1922) in which a stolon by an apparently 
equal forking may give rise to successive single leaves without associated 
cauline meristem, deserve further study. The fact that this peculiar 
behavior is not infrequent in some varieties makes it easy to secure mate- 
rial. 


PARALLEL VARIATION SHOWN IN REVERSION AND CRESTING 


By parallel variation is here meant the development of similar types of 
variation from distinct but related forms. The term, parallel variation, 
may be applied either to the apparently similar changes or mutations, 
as processes, or to the similar varieties obtained as products of the varia- 
tions. 

Reference has already been made to the fact that these Nephrolepis 
sports behave as if they were produced by the repetition and progressive 
intensification of only a few types of leaf differences, each of which seems 
to act as if it were in the nature of a unit difference, presumably based 
on some specific cytological modification. Reasons for believing that the 
several characters in which elegantissima-compacta diverges from Piersont, 
its parent form, are to be considered as caused by unit modification of 
perhaps definite quantitative character, have been advanced in the two 
papers already cited (BENEDICT 1916, 1922). In particular, evidence for 
this belief is to be found in the behavior of this variety in its regressive 
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saltations. As has been described, from elegantissima-compacta there 
have been derived bud sports of several sorts showing various degrees of 
return toward the characters of Piersoni and bostoniensis. These regres- 
sive forms may be reviewed as follows: 

“Dwarf Boston,” (plate 2, figure 9) a commercial form introduced by 
F. R. PIERSON, is once-pinnate, semi-dwarf, with the pinnae somewhat 
revolute, and may be considered as regressive in respect to the division 
character of elegantissima-compacta while retaining the dwarfed condition 
of that variety, showing that the combination of these two characteristics 
in the original progressive saltation are separable. 

Wanamakeri, (plate 2, figure 10) a commercial form introduced by 
R. A. Craic of Philadelphia, is dwarf like “Dwarf Boston,” but shows 
less complete retrogression in the division character, as its leaves. vary 
from once-pinnate to twice-pinnate, and the pinnae are always consider- 
ably ruffled. It is this latter fact that suggests that elegantissima-compacta 
in its original saltation from Piersoni may have involved the unit differ- 
ence of ruffling combined with increased division and dwarfing. Such a 
combination would be rather difficult to identify on merely vegetative 
examination, but there is evidence for it in the dense and plumy character 
of the typical leaves of elegantissima-compacta, and also in the behavior of 
various sports in other lines. 

In any case, the ruffling as well as the partial double division of Wana- 
makeri have been lost in a further reversion from Wanamakeri which has 
resulted in a once-pinnate form, like ‘““Dwarf Boston” though probably 
somewhat taller (plate 2, figure 12). This form was detected by TREviL- 
LIAN but has received no distinctive name. Such reversion of the division 
character of elegantissima-compacta by two successive steps is additional 
evidence that its twice-pinnate, pinnatifid condition, originally reached 
through two progressive steps (see chart in figure 4), may be considered 
to be based on two distinct factors. Further evidence is furnished by 
the fact that from Wanamakeri there has arisen another reversion, result- 
ing in a form much like the original Piersoni; i.e., it represents regressive 
variation in the size factor of Wanamakeri and elegantissima-compacta 
without affecting the division character (plate 2, figure 13). A similar 
revert has appeared directly from elegantissima-compacta (plate 2, figure 
11) tall and twice-pinnate, but distinguishable from Piersoni and the 
Piersoni-like sport of Wanamakeri by minor characters of cutting and 
shape of segments. 
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In other words, as indicated by these forms and the others described 
above, modifications in size and division of leaves may occur progressively 
in separate saltations as more commonly among the described forms 
(BENEDICT 1916, 1922), or they may appear in combination, united to 
produce a single new variety as in elegantissima-compacta. Likewise in 
regressive variation, bud sports have occurred in which the two distinct 
modifications of the elegantissima-compacta division were reversed either 
in a single backward saltation or in two separate steps, and similarly, the 
dwarfing character has been shown to be lost separately or associated 
with a reversion in division. 

The reversions of another Piersoni sport, superbissima, furnish even 
clearer evidence of the separableness of the division and dwarfing charac- 
ters, largely because superbissima offers only a single difference from its 
parent type, that of dwarfing. The behavior of these reversions has al- 
ready been set forth (BENEDICT 1922, plate 8, figures 4 to 7) but may be 
briefly reviewed in chart form. 


su perbissima 
(tall, 1-pinnate) (tall, 2-pinnate) (dwarf, 2-pinnate) 


Unnamed revert 
(tall, 2-pinnate) 
viridissima 
(dwarf, 1-pinnate) 
Unnamed revert 
(taller, 1-pinnate) 


Ficure 3.—Chart showing reversion of superbissima. 


The unnamed tall, twice-pinnate reversion is very close in characteris- 
tics to regular Piersoni, and represents merely a reversion in size from 
superbissima. Viridissima leaves are identical with the once-pinnate 
leaves which occur frequently on superbissima; that is, only the division 
character has been lost. The taller once-pinnate unnamed reversion is 
intermediate in height between viridissima and bostoniensis. BLAKESLEE’S 
intermediate Portulaca (BLAKESLEE 1920) dwarfs which proved to be 
heterozygous for dwarfing and normal size are recalled, but unfortunately 
these Boston-fern sports are all sterile and unsusceptible of similar genetic 
analysis. 
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PROGRESSIVE PARALLEL VARIATION BY CRESTING 


Further evidence of parallel variation and of the unit character of these 
bud sports is supplied by the crested sports of three sequential forms, 
respectively, bostoniensis, Piersoni and elegantissima-compacta. Crested 
elegantissima-compacta has already been sufficiently described. An earlier 
example of cresting was furnished by the comparable Piersoni sport, 
splendida (plate 2, figure 5). The comments already made as to the 
variability of the pinnae of elegantissima-compacta cristata on a single 
leaf, apply equally to the leaves of splendida, except that the maximum 
of division is less, only twice-pinnate, and the leaves are longer. Seasonal 
fluctuation in division will at times show most of the leaves almost entirely 
once-pinnate and crested, but I have seen no stable plants of this type. 

The original Boston fern has also its crested variety, in the variety 
“Gretna” (plate 2, figure 4) as charted in recent papers (BENEDICT 1922 b). 
The testimony of the florist who originally introduced this fern (B. M. 
Wicuers, Gretna, Louisiana) makes it necessary to question the absolute 
certainty of the relation of this particular crested once-pinnate form to 
bostoniensis, but in its appearance and growth habits (BENEDICT 1921) 
it is exactly the sort of plant to be expected with this combination of 
characters, and so may properly be considered in this connection. 

Here, then, are three parallel manifestations of cresting affecting three 
successive related forms, and producing in the resultant new varieties 
the same type of differences from the parental varieties. Is it not probable 
that such cresting is caused by some similar cytological modifications in 
each case; that cresting is a unit character? 

Two other variations of interest in this connection remain to be noted. 
From splendida there has come a new bud sport apparently progressive 
in cresting to a further degree, the variety Baeri (plate 2, figure 6) intro- 
duced by JoHn Lewis CHILDs in 1922 and named after CHARLES BAER, 
the superintendent of the Curtps Floral Park establishment. So far as I 
have observed this is the only case in Nephrolepis in which cresting has 
been intensified by a definite new saltation, although such intensification 
is the rule for the characters of division, dwarfing and ruffling (BENEDICT 
1916). Such intensified cresting is, however, not infrequent in other fern 
genera, as shown by numerous horticultural varieties of hart’s-tongue 
(Phyllitis), lady-fern (Athyrium filix-femina) and others cultivated widely 
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in England. These English types indicate that even a third intensification 
of cresting may be expected. 

As manifested in Baeri, the increase in cresting is accompanied by a 
shortening of the leaf, not necessarily, however, representing dwarfing, 
since the increased dichotomy of the tip gives an increase in leaf tissue 
compensating for the decrease in length. The twice-pinnate condition of 
splendida and Piersoni appears less frequently so far as observed, and in 
forming the fan-like tasseled leaf tips,—the new form has been called the 
“fan fern,”—the midrib is thickened almost to the point of fasciation. 


GRETNA SPLENDIDA owe BAERI 
(l-pinnate, (1-2-pinnate (1-2-pinnate, 
crested) tall,crested) doubly crested) 

! 

! BLEGANTISSIMA-COMPACTA Unnamed form 

1 CRISTAT (4-pinnate,crested, 

/ 
; \ 
BOSTONIENSIS --- PIERSONI ELEGANTISSTMA-COMPACTA 

a- »tall) (1-2-pinnate, (2-pinnate,pinnatifid, \ \ 
tall) dwarf) \ \ 
\ 
\ 
"DWARF BOSTON" / (1-pinnate dwarf, \ 
(1-pinnate,dwarf) / crested) 
/ 
WANAMAKERT Unnamed 
(1-2-pinnate, (1-pinnete dwarf) 


dwarf, ruffled) 
Pas / Unnamed form 

(2=pinnate,tall) 
it / 


/ 
Unnamed form / 
(1-pinnate ,dwarf), 


/ 
Unnamed form 
(2-pinnate, tall) 


Ficure 4.—Chart showing the genealogy of the Boston-fern varieties discussed and illus- 
trated in the present paper. Reading from bostoniensis, the forms named to the right and above 
are progressive sports; those below are regressive forms. 


Returning to elegantissima-compacta cristata, besides the fluctuating 
reversion of individual leaves, distinct regressive mutations with the loss 
of both the division character and the cresting character have been 
detected by TREVILLIAN. One such fern is shown in plate 2, figure 14, by 
a once-pinnate leaf with crested pinnae and leaf tips. A further reversion, 
not illustrated, has resulted through the loss of cresting in a simply once- 
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pinnate dwarf type, like “Dwarf Boston.” This type is of particular 
interest here as showing that the unit character, cresting, may be lost 
by saltation as well as gained. Similar evidence is at hand in another 
Boston-fern variety not in the elegantissima-compacta series. 

To summarize the relationships and characteristics of all the varieties 
discussed in the preceding pages, a genealogical chart (text-figure 4) is 
presented, arranged to indicate the parallel variations. Similarly, in 
one of the illustrations (plate 1) the same chart is reproduced in the 
form of portions of the leaves of the various types discussed. A collection 
of all these varieties is maintained at the BRookLYN BoTANIc GARDEN 
where excellent facilities for the prosecution of this work have been 
enjoyed since early in 1915. The investigation has also been partly aided 
by visits to the establishments of florists growing Nephrolepis varieties, 
the visits being supported by a third grant of money by the AMERICAN 
ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, made at the Toronto 
meeting, December, 1921. 


GENERAL CONSIDERATIONS 


Several questions of general interest are suggested in relation to these 
vegetative variations of Nephrolepis, particularly with the recent sympo- 
sia at the Toronto meeting of the AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE in mind. 

1. Are these bud sports of the Boston fern properly to be designated as 
mutations? EMERSON (1922) raises the point that only such variations 
should be called mutations as may be shown on genetic analysis to be due 
to gene changes. As ordinarily applied and originally by DE VRIEs, 
mutations are distinct, true-breeding new forms, produced by germinal 
changes of autogenous origin, variations due to segregation after hybridi- 
zation being excluded. Under this conception, the Datura variants of 
BLAKESLEE (1922) associated with the shuffling and duplication of the 
chromosomes, the gigas forms due to doubled chromosomes, the variants 
in Drosophila due to loss or non-disjunction of the chromosomes, would be 
true mutations, though not in the restricted sense. 

Since the word mutation has become fairly common in non-scientific 
literature, and since, historically, it has been used with several different 
meanings, it will probably be difficult to bring about a restriction in its 
meaning, no matter how desirable. If, however, a restriction is to be 
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accomplished, the proponents will need to supply some acceptable sub- 
stitute to be used for those variations not clearly due to gene mutation. 
There are really needed three distinct categories of variation, besides 
fluctuations; viz., variations proved to be due to gene changes; variations 
due to redistribution, doubling, loss, etc., of chromosomes; and finally, 
variations of undetermined identity, such as these bud variations of 
Nephrolepis and of many other plants and animals. For the latter class, 
the old word saltation seems appropriate and has been so used in this 
paper. 

2. Are these Nephrolepis variations illustrations of orthogenesis? Is 
the parallel variation exhibited by the forms discussed in the preceding 
pages an example of “definitely directed evolution?” 

The papers presented at the recent symposium on orthogenesis at 
Toronto (GuyER, HENDERSON, LIPMAN, and OsBorN 1922) show such 
diversity of understanding and definition of the term that its value as 
connoting a specific type of variation seems open to doubt. Three dis- 
tinct and divergent points of view appear to be represented in the four 
discussions. However, no general summary of the meaning of orthogene- 
sis is needed here. A reference to KELLOGG’s comprehensive discussion 
(1908, pp. 274-326) will obviate the need of further general consideration. 

The principal bearing which these fern sports have in relation to ortho- 
genesis lies in the fact that they present evidence, comprised in a series of 
over one hundred living forms, well differentiated saltations, all of which 
have arisen within twenty-five years. In other words, the process through 
which they have arisen is recent, is still continuing, and the connected 
relationship of these varieties is beyond doubt. The evidence of ortho- 
genesis which they offer seems to agree in all essentials with similar 
evidence based on comparative studies of collateral species such as EIMER’S 
butterflies, GuyER’s pheasants, RUTHVEN’s snakes, etc., (GuyER 1922 
a, b) as well as on connected series of palaeontological forms (GRABAU 
1907). 

It may be noted that the actual cause of the variation resulting in these 
new forms seems at present undiscoverable. The original Boston fern, 
the parent form, is of somewhat uncertain origin, but there is little chance 
that it may have been a hybrid. Through its vegetative variations, it has 
given rise to forms of wide diversity of character, surpassing generic 
limits as ordinarily understood, but not suggesting any particular hybrid 
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origin. Through the sporeling forms of the only known fertile strain, to 
be described in detail later, it shows variation, but not in a way which 
suggests the segregation of the characteristics of any of the wild forms of 
Nephrolepis. 

Whatever the cause originally responsible for the variability of the 
whole series, there is no present evidence that specific saltations are 
influenced by environmental conditions. The new types arise independ- 
ently of adaptation; some of them are hard to grow. It may be pointed 
out particularly that all the variation types, dwarfing, reversion, ruffling, 
etc., arise under similar cultural conditions. Possibly HENDERSON’s 
(1922) conclusion has application: 


‘Therefore, with due reservations because of incompleteness of biochemical 
knowledge, it seems reasonable to suppose that apparent instances of ortho- 
genesis may sometimes depend upon a single important chemical change in 
an organism, followed by slow and progressive modifications, leading up to a 
definitive morphological result.” 


Assuming the origin of the Boston fern as possibly due to a single chemical 
change in some sword-fern plant, the recurrence of the numerous varieties 
along a few types of variation may represent the “‘progressive modifica- 
tions’ HENDERSON suggests. Certainly it cannot be said of these ferns: 
“No chances or experiments are tried by Nature. The process [ortho- 
genesis] is continuous, adaptive, mechanically perfect . . . ” (OSBORN 
1922). 

The idea that variations must be adaptive falls to the ground when one 
considers the multitude of species, some occurring so rarely as to exist in a 
few counted individuals, and so hard of artificial culture that even the 
best care does not suffice to maintain them in cultivation. The fact that 
these Boston-fern saltations are often less well adapted for the struggle for 
existence than their parent form scarcely argues against accepting them 
as of evolutionary significance. Such differences in adaptability are 
common among wild forms. Not every species possesses a maximum of 
successful growth characteristics else every species would be a weed. 

As the matter stands at present, the term orthogenesis is purely descrip- 
tive of products, i.e., series of new forms resulting from variation, and 
indicates that such variations are recurrent. In point of clearness, the 
words recurrent and progressive seem to carry all the meaning that may 
be justifiably assigned to the more imposing word “orthogenetic.” 
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3. Have these bud sports any significance in relation to the possible 
mode of origin of new species of ferns? Some consideration has already 
been given this question in connection with the discussion of their bearing 
on orthogenesis. It is suggested obviously because of the fact that the 
characters by which wild fern species are regularly differentiated are 
paralleled in so many particulars by these bud sports of so few year’s 
standing. Fern species and fern genera are ordinarily established, taxonom- 
ically speaking, on differences in growth habits, and leaf cutting; they 
differ in the shape, conformation, margins of the leaves, and in the posi- 
tion of the pinnae. Of course associated with such differences among wild 
species there are usually other distinguishing characters, important 
though often minute, such as variations in the epidermal covering,—scales, 
hairs, indusia,—differently shaped spores, different positions for the sori, 
and others. It has not yet been possible to subject these horticultural 
forms to sufficiently intensive examination to determine whether they 
also vary with respect to the more critical characteristics above mentioned, 
but the discovery of the new bud sport with viviparous leaves would 
seem to indicate that these vegetative types may show quite as extreme 
types of variations as do wild forms. Moreover, both among these vege- 
tative variations and among the sporeling forms to be described in a later 
paper are included not a few forms so distinct that their recognition as 
“new species” if sent in by some collector is scarcely a matter of doubt. 

From the standpoint of taxonomy, further, these Boston-fern sports 
present so confused a tangle of forms that, as a problem to be solved from 
the study of herbarium material, it would be impossible of complete 
solution. Forms derived from entirely different parent types not infre- 
quently approximate the same characteristics, and in some cases are diffi- 
cult to separate even in living condition. As dessicated herbarium mate- 
rial, perhaps collected at different seasons of the year and dried under 
different circumstances, even their original differences would be lost or 
confused, but, in this respect, this group is probably no different from 
many complexes of wild forms, already the bases of different interpreta- 
tions by systematic botanists. For example, the species of Nephrolepis 
themselves present a most confusing series of forms, all once-pinnate, 
some reported as pan-tropic, but varying throughout their range in such a 
way that their differentiation is a matter of extreme difficulty. Every 
genus, of more than a few species, includes complexes of forms offering 
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similar difficulties of differentiation. If we may conceive as possible 
that among wild forms there may exist not infrequently groups of forms 
in a state of variability like that exhibited by these Nephrolepis forms, 
the difficulties of taxonomy are not rendered any easier. With hybridiza- 
tion as an added confusing factor, the entailed difficulty is almost beyond 
solution. 

With respect to the cresting and ruffling types of variation, it may be 
noted that these characteristics do not appear to have much weight in 
the origin of wild forms. Such differences are ordinarily made the basis 
for taxonomic “form” distinction. Only a few species are separated in 
which the forking of the leaves is an important difference. It seems 
probable that the reason for this lies in two facts: first, these characters 
seem to occur without any associated differences, i.e., as unit differences, 
while difference in pinnation and in size are almost always accompanied 
by other characteristics. This is interestingly borne out by EMERSON’s 
(1921) observation relating to a crinkly-leaved variety of maize: “The 
leaves of crinkly are not only crinkly but often have prominent lobes at 
or near the base of the blades.” This statement would apply exactly to 
the ruffled-leaved forms of Boston fern if the word “ruffled” or “crispate”’ 
be substituted for “crinkly.”” Second, mere increase in the vegetative 
tissue of the leaf as gained by ruffling and cresting would not carry with 
it any associated advantage and might have some disadvantages. For 
example, ruffling and cresting furnish folds of leaf tissue from part of 
which the light would be shut off, and in which water would be retained, 
the latter a factor in fungus infection. 

No attempt to make a comprehensive comparison of these Nephrolepis 
bud variations with similar vegetative sports in other genera will be 
attempted here. It may be noted, however, that in general they appear 
to correspond in type, differing mainly in the fact that they show pro- 
gressive series of as many as five steps in intensification of a single charac- 
ter. The spore sports of ferns in general both cultivated and wild, seem 
to follow exactly the same lines of variation as are represented by bud 
sports. A similar observation has frequently been made with respect to 
the seed and bud sports of flowering plants. Furthermore it may be 
noted that among flowering plants are to be found variations which appear 
like those affecting fern leaves, size of plant, etc..—a condition of ruffling 
seems to be shown in Malva crispa, and in the “curly”’ varieties of lettuce. 
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A survey of a considerable number of bud sports in seed plants has recently 
been given (SHAMEL 1921) comprising variations in size of plant, leaf 
division, leaf margins, variegation, and others. 


SUMMARY 


The principal points brought out in the preceding pages may be sum- 
marized as follows: 

1. New bud sports are to be recognized, viz., 

(a) A new crested, four-pinnate form, the first reported example in 
which cresting is found combined with lace division. With this com- 
bination of characters is associated also vivipary of the leaves, a character 
new for Nephrolepis. 

(b) Another new form Baeri, presents what appears to be an intensi- 
fication of cresting, also the first case to be reported in Nephrolepis, 
although known in other fern genera. 

2. Regressive variations from elegantissima-compacta indicate that it 
represented originally a sport in three distinct characteristics from its 
parent form, Piersoni, viz., dwarfing, increased division, and ruffling. 
In the regressive sports, these characteristics are lost separately, produc- 
ing new forms intermediate between elegantissima-compacta and Piersoni. 
' 3. Parallel variation in a progressive direction is shown in the crested 
sports of three sequential sports, bostoniensis, Piersoni, and elegantissima- 
compacta. Cresting is indicated as a unit difference since the three new 
forms differ from their parent types only in cresting. 

4. Orthogenesis as presented by these fern varieties seems to corre- 
spond with reported orthogenetic series of living and fossil species, but is 
significant as derived within twenty-five years of variation and as repre- 
sented in all its steps by living plants. The word “‘orthogenesis”’ as illus- 
trated by these forms means merely “recurrent” or “‘progressive’’ or both. 

5. A more accurate classification and terminology for the different types 
of variation is desirable. At least three categories represented by salta- 
tory variation are to be distinguished: ‘“‘mutation,” for variations due 
to gene modification; “‘saltation’”’ for discontinuous variations of undeter- 
mined identity; and a third term is needed for variations due to changes 
in chromosome number. 

6. No evidence as to the origin or cause of these variations is available. 
Apparently all classes occur under similar cultural conditions. 
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7. Bud variation in Nephrolepis parallels spore variation in this and 
other fern genera, and probably also in seed plants. Accepting these 
Boston-fern sports as presenting a complex of forms analogous to groups 
of wild forms, it appears that such wild groups are scarcely susceptible 
of accurate analysis on ordinary field and herbarium methods. 
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